Ha npaBax pyKonncn 


KPHB0JTYU,KA5I Haae>Kaa AaeKcanapoBHa 


3BOJHOI^IM TPAnnOBOrO MArMATH3MA H Pt-Cu-Ni 
PYAOOBPA30BAHHE B HOPHJIBCKOM PAHOHE 


CnepHajiBHOCTB 

25.00.11 - reoaorHa, iiohckh h pa3Be^Ka TBep^Bix 
noae3HBix HCKonaeMBix; MHiiepareiiHa 


ABTOpecJ)epaT ^HCcepTapHH 
Ha coHCKaHHe yneHOH CTeneHH 
HOKTopa reoaoro-MHHepajiorHHecKHx nayK 


MocKBa - 2012 r. 
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PaSoTa BtmojiHeHa b yapeacaeHHH Pocchhckoh aicaaeMHH HayK OpaeHa JleHHHa h 
O paeHa Okthopbckoh peBoaioiiHH HHCTHTyre reoxHMHH h aiian hthhccko n xhmhh 
hm. B.H. BepHa^CKoro PAH (rEOXH PAH) 


HayHHbiii KOHcyjibTaHT: aneH-KOppecnoHaeHT PAH 

CoSojieB AneKcariap BnaaHMHpOBHH 

OtjjHitHajibHbie onnoHeHTbi: aicaaeMHK 

KorapKO JTmh HnKonaeBiia 

aoKTOp reoaoro -mh i i e p an o r h h e ck h x nayK 
IIIapKOB EBreHHH BHTaateBHa 

aoKTop reoaoro-Mnnepaaorn hcckmx nayK 
TepexoB EBreHHH HnKoaaeBHH 

Beayman opramoapiui: Kaifieapa reoaornn noae3Htix HCKonaeMBix 

reoaoropa3BeaoHHoro cj)aKyabTeTa 

MrPH-prrpy 


3am,HTa cocTOHTca 30 MapTa 2012 r. b 14-30 b aya. 415 Ha 3aceaaHHH 
aHCcepTau,HOHHoro coBeTa ^.501.001.62 npn Mockobckom rocyaapCTBeHHOM 
yHHBepCHTeTe hmchh M.B. JIoMOHOCOBa no aapecy: 119991, MocKBa, rCH-1, 
JleHHHCKne ropBi, MrY, reoaorHaecKHH (J)aKyabTeT. 

C aHCcepTapneH mo>kho 03HaK0MHTE>ca b SnSaHOTeKe reoaornnecKoro 
(J)aKyabTeTa MocKOBCKoro rocyaapCTBeHHoro yHHBepCHTeTa hmchh M.B. 
JIoMOHOCOBa (raaBHoe 3aaHHe, 6 3Taac). 

ABTOpe(J)epaT pa30caaH 28 (|)eBpana 2012 r. 


YneHtiH ceKpeTapB 

aHccepTapHOHHoro coBeTa J\ 501.001.62 


aoKTop reoaoro- mh nepaaor hh e ckh x nayK 



H.r. 3 HHOBBeBa 
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BBEflE HH E 

AKTyaJlbHOCTb npOBOflHMbIX HCCJie/IOBaHHH 

npoSneMa cj)op m n p o b a n n h cynepKpynHbix m e ct o p o ac a e n n n - yHHKaabHbix 
reoxHMHnecKHx aHOMajiHH b 3eMHoii Rope - aBJiaeTca o^hoh H3 Beay nn ix b 
coBpeMeHHoii reoaorHH. 3to oSycaoBaeHO Kaic b aacHeHineii poatK) MecTOpoacaeHHH- 
raraHTOB b MHpOBOH 3KOHOMHKe, Tax h hx ocoSbim 3HaneHHeM ana pemeHHa paaa 
TeopeTHnecKHx BonpocoB, b nacTHOCTH, pa3pa6oTKH MexaHH3MOB naKonaenna 
MeTajiJiOB. CpeflH oOimipHoro KJiacca naaTHHOBbix h MeaHO-mnceaeBbix 
MecTOpoacaemni, o6bihho pa3o6meHHbix b npocTpaHCTBe, HOpHJibCKHe odbeKTbi 
3aHHMaiOT oco6oe mccto Saaroaapa coneTaHHio b hhx o6ohx ranoB pya. 

OTKpbITHe yHHKaJIBHBIX TaJIHaXCKHX M e CTO p O >K a e II H H He TOHbKO H3MeHHaO 
paccTaHOBKy cna Ha cbipbeBOM pbimce b 60-bie roati XX CToneTHa (Poccna Bbirnaa 
Ha nepBoe mccto no aoObine HHKeaa h BTOpoe - naaTHHOBbix MeTaaaoB b MHpe), ho 
h cymecTBeHHO CKa3aaocb Ha TeopHH pa3BHTHa m a r m aTH h e cko r o pyaoodpaao Banna. 
BnepBbie b MHpe Obian odnapyaceiibi acnabHbie Tena, CBa3aHHbie He c KpynHbiMH 
np0Tep030HCKHMH nayroHaMH, a c MaaoMOunibiMn TpnacoBbiMH HHTpy3HBaMH, 
aoKaaH30BaHHbiMH Ha C3 ChShpckoh TpannoBoii npOBHHu,HH. Taxaa no3Hu,Ha h 
6aH30CTb COCTaBOB HHTpy3HBOB H HaB nOCTaBHaH BOnpOC O CBa3H MarMaTH3Ma c 
pyflOo6pa30BaHHeM b stom pernoHe ocoSemio ocTpo: aBaaeTca an cfiopMHpOBaHHe 
MecTopo'/Kaennn 3aKOHOMepHbiM HToroM pa3BHTHa CHCTeMbi b neaoM h Moaoio an 
O/KnaaTb OTKpbITHe noaoOnbix yHHKaabHbix oobeKTOB b apyrnx TpannoBbix 
npoBHH TT Hax MHpa? Otbctbi Ha 3th Bonpocbi TecHO CBa3aHbi c pemeHHeM npo6aeivibi 
reHe3Hca nopnabCKnx pya. 

B rnnoTe3ax o6pa30BaHHa nopnabCKnx iviecTopo/Kaennn aoMnnnpyiOT an6o 
npeacTaBaeHHa o pemaiomeH poan b npHBHoee h OTaoaceHHH MeTaaaoB 
MamaTHHecKoro pacnaaBa (roaaeBCKHH, 1959; JlHxaaeB,1972; Naldrett, 1992), 
an6o (finionanbix komhohchtob (3oaoTyxHH,1997; 3 otob, 1989). KoHu,enu,HH 
nepBoro rana cymecTBeHHO OTanaaiOTca Meacay co6oh no OTHOHiemno k poan toh 
M amaTHHecKOH CHCTeMbi, b npoayKTax KOTOpoii aoKaarooBaHM pyati. HacTb 
HceaeaoBaTeaeii npnaaeT eii pemaiomee 3HaaeHHe, npeanoaaraa o6pa30BaHHe pya 
H3 eaMOCToaTeabHOH nopu,HH unKpnTonanoro pacnaaBa, oSoramennoro aeTynnMn h 
pyaHbiMH KOMnoHeHTaMH b ycaoBHax 3aicpbiTOH MariYiaTnaecKon chctcmbi 
( roaaeBCKHH, 1959; ^khkhkob h ap., 1988; ^HCTaep h ap., 1988, JlHxaneB, 2006). 

^pyrne aBTOpbi paccMaTpHBaiOT HHTpy3HBbi KaK noaBoaain,He KaHaabi ana aaB, 
OTBoaa Beaymyio poab B pyaoo6pa30BaHHH aanTeabnocTn npoTeKanna pacnaaBa k 
nOBepXHOCTH B yeaOBHaX OTKpbITOH CHCTeMbi H CTO B3aHMOaeilCTBHIO c 

BemaiomHMH nopoaaMH (PaabKO, 1991; Naldrett, 1992, 2009; Li et al., 2009, 2011). 
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Opemca aocTOBepnocTn BbiCKaaannbix rHnoTe3, Bnnaiomnx Ha noHCKH hobbix 
M ecT0p05K^eHHH, ocao'/KiiaeTCH orpannHennocTbio reojioro-reoxHMHnecKHx aamibix 
O CB5I3H HHTpy3HBOB C JIBBaMH H flaHHbIX O COCTaBaX HCXO^HblX MarM, He My H 
nocBameHa aaHHaa paSoTa. 

TjiaBHaH pejib pa6oTbi - 

yroHHHTb 3aKOHOMepHOCTH pa3BHTHa TpannoBoro MamaTH3Ma b Hophjibckom 
pafioHe h onpe^ejiHTb MecTO b hcm pyaoo6pa3yK)fflero npopecca, onnpaacb Ha 
SojibinoH o6beM hobbix reojiorHnecKHx h reoxHMHnecKHx aaHHbix no 
ByjiKaHHnecKHM h HHTpy3HBHbiM nopoaaM. 

3a^aHH Hccjie^OBaHHH BKjnonajiH: 

I. Onpe^ejieHHe B3aHMOOTHOHieHHH pyaoHOCHbix HHTpy3HBOB c aaBaMH, 
npe^nojiaraion;ee: a) aeTajibHoe H3yneHHe CTpoemia Tycf)o-JiaBOBOH tojhii,h h ee 
reoxHMHnecKHx ocoOennocTen b pa3Hbix t e kto ii hhcckh x CTpyiaypax paiiOHa aaa 
ycTaHOBJieHHa 3bojik)u,hh ByjncaHH3Ma b npocTpaHCTBe h bo BpeMemi; 6) BbiaeneHHe 
OCHOBHbIX ICO X H M H H 6C K H X THnOB yjIbTpa6a3HT-6a3HTOBbIX HHTpy3HBOB pa3HOH 
CTeneHH pyaoHOCHOCTH; c) conocTaBJieHHe reoxHMHnecKHx ocoSeHHOCTeii jiaB h 
HHTpy3HBOB, o6pa30BaHHbix Ha OffliHx h Tex >xe 3Tanax pa3BHTHa TpannoBOH 
MarMaTHnecKOH CHCTeMbi. 

II. Onpe^eaeHHe cocTaBOB hcxo^hbix MarM: 1) c noMOfflbio royneHHa pacnjiaBHbix 
BKJHOHeHHH B OJIHBHHaX H nHpOKCeHax; 2) MeTO^OM reOXHMHHeCKOH TepMOMeTpHH 

c noMOfflbio 3BM-MO^ejiH «KOMArMAT». 

III. ConocTaBJieHHe x n m h h e ck o r o h MHHepajibHoro cocTaBa pya pa3Hbix 
MecT0p05KaeHHH c cocTaBOM BMefflaiofflHx hx HHTpy3HBHbix nopoa. 

IV. BbiacHeHHe MacnrraSoB npopeccoB ac chmh jiau,HH BMefflaiofflHx nopoa 
6a3HTOBbiMH pacnjiaBaMH Ha ypOBHe HHTpy3 HBhbix raiviep h hx pojin b 
pyaoo6pa30BaHHH. 

V. CpaBHHTejibHbiH an an n 3 m n nepan o r o- re ox n m n h e ck n x ocooennocTen HHTpy3HBOB 
HOpHJibCKoro KOMnaeKca c pyaoHOCHbiMH MaccHBaMH apyrnx paiiOHOB Pocchh 
(T aiiMbipa, CeBepHoro 3a6aiiKajiba, Kapeao-KojibCKoro pernoHa, B. CaaHa) 

OaKTHHecKHH MaTepHaji 

^jia pcujenHH nocTaBJieHHOH npoSaeMbi pei Honaabiibie reojioro-CTpyKTypHbie 
HccaeaoBanna TpannoBbix nopoa eoneTajiHCb c hx aeTanbHbiM anaanraHecKnivi 
naynenneM (onpeaeJieHHe BajiOBoro cocTaBa nopoa n mhkpo aHajiH3 MHHepajibHbix 
(J)a3, B TOM HHCJie MarMaTHHeCKHX BKJHOHeHHH b hhx). 

PaSoTa ocHOBbiBaeTca Ha MHorojieTHeM (1982-2011 rr.) royneHHH aBTOpOM 
reojiorHnecKoro CTpoeHns, neTporpacjfflH, reoxnMHH h MKHepanornn njiaTHHO- 

MeaHO-HHKeaeBbix MecTOpoacaeHHH pa3JiHHHbix pernoHOB Pocchh, maBHbiM H3 
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KOTOpBIX CTaJI HopHJIBCKHH paHOH, me aBTOpOM 6bIJI COSpaH KaMeHHBIH MaTepHaJI B 
xo,zie noneBBix pa6oT b 1997 - 201 lrr. (cocTaBJieHO 11 km ^eTajiBHBix pa3pe30B 
ByjIKaHHTOB H 13 KM pa3pe30B HHTpy3HBHBIX nOpOfl nO KOpeHHBIM o6na>KenHHM H 
CKBa>KHHaM). llsyneiiHe MaccHBOB CeBepHoro 3a6aiiKanbn (Hhh6hckhh, 
JlyKTypCKHH) ocymecTBJiajiocB b 1982-1986 h 1993 rr., KHHramcKoro MaccHBa 
(BocTOHHBie CaaHBi) - bo BpeMn noneBoii 3KCKypCHH 2000 r. HacTB o6pa3u,OB j\jir 
npOBeflemin cpaBHHTeaBHBix MCcnenoBanuM no yjiBTpa6a3HT-6a3HTOBBiM 
KOMnneKcaM b paMKax ^oroBOpHbix pa6oT npe^ocTaBJieHa B.IT. MaMOHTOBBiM, 
K).H. KnceneBBiM, T.P. JIoMaeBon (KhKHO-KoB^opCKan nnoinmb n KnHramcKHH 
pyAHBiil paiiOH). 

AnanHTHHecKHe pa6oTBi BKjnonajin: 1. Penm2eno(pjiyopecueHmHbiu cwajiu3U3 - 
780 aHajiH30B - TEOXH PAH, aHannTHKH H.A. Ponuma, T.B. PoMamoBa; 208 
aHajiH30B - HHnP CO PAH, aHannTHK H.C. Baa ye b . 2. Memod undyKnuieno- 
c6R3cihhou njici3Mbi: 1) ICP-MS - 480 aHajiH30B nopon - HMTP3, aHannTHK ^.3. 
}KypaBaeB; H3M PAH, aHannTHK B.K. KapaH^ameB; 2) LA ICP-MS - 650 aHanrooB 
CTeKon nopOA, 470 - nHpOKceHOB, 1580 ohhbhhob., TepMaHKn, r. Mamnj, 
aHannTHKH H.A. KpHBonypKan, /],.B. Ky3BMHH; 3. 3jieKmpoHHO-3ondoebiu 
MUKpoaHcuiu3 («Cameca»SX 50 h SX 100-rEOXH PAH, MocKBa - aHannTHK H.H. 
KoHOHKOBa; JXA 8200 - HHCTHTyr Xhmhh hm. MaKca nnaHKa, r. Mainm,, 
aHannTHKH H.A. KpHBonypKan, ,Z],.B. Ky3BMHH) - 12 150 aHanrooB onHBHHOB, 8 100 
nnpoKceHOB, 1350 nnarHOKna30B, 310 HinnHenH^OB, 560 - cynb(j)H,nHbix MHHepanoB, 
85 aHanH30B MHHepanoB 3nr, 680 CTeKon; 4. Monno-30Hdo6biu MUKpoananu3 
(«Cameca» ims-4f - HMH PAH, 5IpocnaBnb, aHannTHKH C.r. CHMaKHH, E.B. 
noTanoB) - 175 pacnnaBHBix BKjnoneHHH h 210 ohhbhhob; 5. PaManoecKan 
cneKmpocKonuK (OpaHipia, r. HaHCH, aHannTHK X.^eoioccTi) - 12 aHanrooB 
(j)nK)HflHBix bkhiohciimh; 6. Mccnedoeamie cmaowibiibix mo monos e nopodax (O, PI, 
C, S) - 145 aHanH30B, THH PAH, aHannTHK EX. noKpOBCKHH h HHHrPH, aHannTHK 
CX. KpnnceB; 7. Mccnedoeanue paduozennbix u3omonoe e nopodax (Sr, Pb, Sm-Nd, 
U-Pb) - BHHHOKeaHreonorHn, aHannTHK E.B. Bennu,KHH - 55 aHanH30B; TEOXH 
PAH, aHannTHK A. A. HrenoBa - 18 aHann30B, HHCTHTyr Xhmhh hm. MaKca 
nnaHKa - aHannTHK 3.9>eKnacoBa - 15 aHanH30B; 8. Onpedenemie 317F u Au e 
nopodax u pydax: a) 78 aHanH30B - HHCTHTyr pynooopaaoBaiiHa, MHHepanorHH h 
reoxHMHH HAHY (npoonpiibiM MCTon, aHannTHK A.A. IOhihh), 6) 32 aHanH3a - 
TEOXH PAH, aTOMHO-a6cop6u,HOHHbiH mctoa, aHannTHKH H.B. KySpaKOBa, O. 
A.Tiotiohhk, H.,2,. HxeTHa). 

3 kc 11 ep h m e 11 Tan b n bi e HCcnenoBaHHn no roMoreHH3au,HH pacnnaBHBix 

BKnioneHHH npoBoannHCb aBTOpOM b iviyc|)ene (HrEM PAH) h KaMepe chctcmbi 
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Co6ojieBa-Cjiyu,Koro (TEOXH PAH, 160 3KcnepHMeHTOB), a Taioice b nenn c 
peryjiHpyeMoii cjiyrMTiiBnocTbio KHcaopoaa (rEOXH PAH). KoMnBiOTepHoe 
MOjejiHpOBaHHe KpHCTajuiH3aii,HH 6a3aaBTOBBix MarM ocymecTBjnuiocB c homohibio 

3BM-MOflejiH «KOMArMAT-3.5» h «nETPOJ!Or-2.0»). CTaTHCTHHecKaa 

o6pa6oTKa aaHHBix BBinojiHiuiacB aBTOpOM no nporpaMMaM «CTaTHCTHKa» n 
«neTpOTnn»). 

HaynHan HOBii3Ha 

LHophjibckhh panoH. Ea3ajiBTbi: 

1. BnepBbie ycTaHOBJieHbi cymecTBemibie Bapnan,HH b CTpoeHnn n cocTaBe 
ryflnnxHHCKon cbhtbi (maBHBie, pe^Kne n neTynne KOMnoHeHTBi) - npnMHTHBHon 
Ha BOCTOKe TeppHTOpnn n KOHTaMHHHpOBaHHOH - Ha 3anaae. 

2. BnepBbie aeTajiBHO H3yneHO CTpoeHne h reoxHMHnecKHe ocoSemiocTH nopoa 
XaKaHHaHCKOH CBHTBI B pa3HBIX TCKTOIIHHCCKHX CTpyKTypaX paHOHa. YCTaHOBJieHO, 
hto BKJHonaBHiHeca b ee cocTaB tojichtobbic h no m k mjiooc})htobbic 6a3ajiBTBi 
OTHOCBTCa K TyKJIOHCKOH CBHTe, a TytjlBI H Ty(|x})HTbI oSaaaaiOT reOXHMHHeCKHMH 
xapaKTepHCTHKaMH naae>KaHncKOH cbhtbi. 

3. npOBefleHHoe b pa3HBix nacTax paiiOHa aeTajiBHoe royneHHe tojichtobbix 
6a3aJIBTOB XaKaHHaHCKOH, naHC'/KHMnCKOM H TyKJIOHCKOH CBHT n03B0JIHJI0 yTOHHHTB 
apeajiBi hx pacnpocTpaiienHa h bbi^chhtb 2 oaHOBpeivienno cymecTByiomHx 
He3aBHCHMBix MaTMaTHHecKHx onara Ha sanaae h boctokc TeppHTOpHH 
(Ha^OKflHHCKHH H TyKJIOHCKHH). 

4. npOAeMOHCTpHpoBaHO, hto paccjioeHHBie noKpoBBi, paccMaTpHBaeMBie paHee b 
KaneCTBe MapKHpyiOIH,HX r0pH30HT0B TyKJIOHCKOH CBHTBI, BXOflHT B COCTaB pa3HBIX 
CBHT - TyKJIOHCKOH H HaflOK^HHCKOH. 

5. BnepBBie o6Hapy>KeHBi BBicoKO-Mg nopoati b cocTaBe HaaoKaHHCKoii cbhtbi. 

6. B pa 3 HBix nacTHx paiiOHa H 3 yneHBi reoxHMHnecKHe oco6chhocth BepxHeii nacra 
Ha^e^K^HHCKOH CBHTBI H HH 5 KHHC - MOpOHTOBCKOH. HOKa 3 aHO, HTO HCCJieflOBaHHBie 
ByjIKaHHTBI TOJIBKO B e^HHHHHBIX CJiyHaHX HMdOT npOMC/KyTOHIIblC XapaKTepHCTHKH 
h BBmejiemie «TpaH 3 HTHBix cepHH» npe^CTaBJiaeTca HeoSocnoBainibiM. 

7. nojiyHeHHBiii 6ojibhioh o6bcm hobbix reoxHMHnecKHx aainibix ana 6a3ajiBTOB 
pa3HBIX TeKTOHHHeCKHX CTpyKTyp n03B0JIHJI BBiaeJIHTB 2 3Tana H 4 U,HKJia B 
pa3BHTHH ByjIKaHH3Ma. 

IL HopHJIBCKHH paHOH. HHTPY3HBBI 

1. BnepBBie Ha npeacTaBHTejiBHOM MaTepnaae npOBeaeHa reoxHMHnecKaa 
THnH3ail,Ha yjIBTpa6a3HT-6a3HTOBBIX HHTpy3HBHBIX nOpOfl HOpMaJIBHOH meJIOHHOCTH, 

BBiaejieHBi 3 rana (aiOMTajiCHCKHii, nH/KneTajinaxcKiiH h hophjibckhh), 6jih3khc no 
reoxHMHH k 6a3ajiBTaM ryaHHXHHCKoii, HaaoKaHHCKoii h mopohtobckoh cbht. 
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2.ApryMeHTHpOBaHHO aoKaaano cymecTBOBaHHe HHTpy3HBHbix nopoa 
ryaHHXHHCKoro Tnna. 

3.IToKa3aHO, hto pa3HBie no CTeneHH pyaonocnocTH HHTpy3HBBi xapaKTepnayiOTca 
OanHaKOBBIMH reOXHMHHeCKHMH OCoSeHHOCTBMH nopoa, a XHMHHeCKHH H 
MHHepajibHBin cocTaB pya He KOppeanpyeT c cocTaBOM CHaHKaraon nacTH 
BMemaiomnx nx HHTpy3HBOB. 

5. BnepBtie b pyaax HOpnabCKnx m e c to p o hc a e n h n aHaniocTnpoBan caMopoanbin Pd 
n pan hobbix cj)a3 3nr, a Taicace noayneHbi KapTbi pacnpeaeaenna 3a e Men to b- 
npHMecen (Co, As, Se, Au, Pt, Pd, Rh, Ir, Ru, Os, Re) MeToaoM LA-ICP-MS b 
raaBHbix pyaoodpa3yK)in,nx cyabc|)naax. 

6.,fl,OKa3an nocaenn>Knenane'/KnnncKnn B03pacT HHTpy3HBOB HopnabCKoro 
KOMnaeKca (no reoaoro- reox h m h nee km m aaHHbiM). 

7.YcTaHOBaeHbi aHOMaabHO BbicoKne (ao 12 ppm) coaepacamia Taaceabix 
peaK03eMejibHbix saeMeHTOB (Yb, Dy, Er) hYb oanBnnax. 

8.06napy>Kenbi yHHKajibHbie 30HajibHbie oanBnnbi (Fo 82 -Fo 59 ) b M hkh anra hmckom 
HHTpy3HBe, CBHaeTeabCTByiOmHe O BbICOKOH CKOpOCTH OCTbIBaHHa MaCCHBOB 
HOpnabCKoro KOMnaeicca. 

9.BnepBbie onpeaeaeH cocTaB ncxoaHbix pacnaaBOB n aeTynnx KOMnoHeHTOB b hhx 
aaa paaa HHTpy3HBOB HOpnabCKoro panoHa npaMbiMH MeToaaMH (no pacnaaBHbiM 
BKaioneHnaM b oanBHHax n nnpOKceHax). 

III. CpaBHHTeabHoe nsywenne HOpnabCKnx hhtpv3hbob c MaccnBaMH apyrnx 
panoHQB 

1. npOaeMOHCTpnpOBaHO CXOaCTBO [COX HMHHeCK MX XapaKTepHCTHK aaa pyaOHOCHbIX 
MaccHBOB pa3Hbix pernoHOB: Kapeao-KoabCKoro pernoHa, HopnabCKoro panoHa, 
KBKHoro odpaMaenna CndnpCKOH naaT(j)opMbi. 

2. IIoKa3aHO, hto pa3anHHbie no reoxnMHHecKnM ocodennocTHM HHTpy3HBbi 
xapaKTeproyiOTca oanHaKOBbiM TnnoM opyaeHeHna (^lOMTaaencKnn n HnnencRnn). 

IIpaKTHHeCKaH 3HaHHMOCTb pa60TbI 

HacTb ncnoab30BaHHbix b padoTe MaTepnaaoB rioaynena b xoae BbinoaHeHna 
xo3aoroBOpHbix padoT, b KOTOpbix aBTOp aBaaaca OTBeTCTBeHHbiM ncnoaHHTeaeM. 

1. Pe3yabTaTbi n eapo rpacj) h nee ko ro n MHHepaaoro-reoxHMHHecicoro H3yHeHna 
da3aabTOB MnKHaHraHHCKon naoipaan Boinan b othct OOO «HopnabCKreoaorna» 
no «reoaoraHecKOH rpynnoBon cneMKe 1:50000 M-da Ha MnKHaHraHHCKon 
naom,aan» (aBTOpbi B.H.MnxanaoB, JLH.TpocjaiMOBa n ap-, 2003 r). 

2. H3yneHne nopoaoodpa3yioin,Hx MHHepaaoB aerao b ocHOBy xo3aoroBOpHbix padoT 
TEOXH PAH c «rMK «HopnabCKHn HHKeab» n OOO «HopnabCKreoaorna» n 
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OTpa^KeHO b othctc «Pa3pa6oTKa m hh ep ajio to - re oxh mhh e c khx hohckoblix 
npH3HaKOB Ha cnjioniHBie cyjit(J)HflHBie pyabi b Hophjibckom paiioHe», 2008 r. 

3. Pe3yjitTaTBi HCCJieaoBaHHH reoxHMHH (b tom HHCJie h paanoremibix H30TonoB), 
MHHepajiorHH MaccHBOB lOmio-KoBaopeicoH njiomaaH Kojibckoto nOJiyOCTpOBa, 
BtmojiHeHHBie no aoroBOpy c OAO «MypMaHCKaa TP3», bohijih b othctbi 2006- 
2007 rr. h onySaMKOBaiibi b >Kypnaae «TeoxHMHa». 

4. Hccae^OBaHHe reoxHMHnecKHx oeo6eHHOCTeii nopoa h MHHepajiorHH 
BepxHeKHHramcKoro MaccnBa BbinojmeHO no aoroBOpy c OOO «reojiorHnecKaa 
KOMnaHHa», pe3yjibTaTBi OTpanceHbi b omeTe 2007 r. 

3auiHmaeMbie nojioiKeHHH 

1. Hcxo^a H3 nojiyneHHBix 3aKOHOMepHOCTeii paciipocTpanenmi ByrncaHoreHHBix 
nopoa b pa3HBix TeKTOHHnecKHx CTpyKTypax panoHa h oeobeHHOCTeii hx neTpo-H 
reoxHMHnecKoro cocTaBa (niaBHbie, peaKHe h paaHoreHHbie 3JieMeHTbi), noKa3aHO, 
hto nopoabi Ty(J)o-JiaBOBOH tojhh,h HopHJibCKoro paiiOHa 6buiH ccJjopMHpoBaiibi b 
TeneHHe aByx CTaanii - pncjiToreHHOH (iv-sv -gd- nd) h coSctbchho TpannoBoii (tk - 
mr-sm) KOTOpbie He npocTO CMeHiuiH apyr apyra bo BpeMeHH, a cymecTBOBajin 
oaHOBpeMeHHO b pamienaae'/KaHncKHH nepnoa. Pa3BHTne ByjiKaHH3Ma 
ocymecTBJMJiocb b Tenemie neTbipex h,hkjiob (iv-sv, gd, nd-tk, mr-sm). 

2. IIO reOXHMHHeCKHM OCOSeHHOCTHM nOpOfl yjIbTpa6a3HT-6a3HTOBbie HHTpy3HBbI 

HOpMajibHOH mejiOHHOCTH noapa3aeJHnoTca Ha 3 reoxHMHnecKHx rana: 
aiOMTajieHCKHH (cpeaHeB3BemeHHoe coaep^Kamie MgO=19-23 h Ti0 2 >1 Mac.%, 
87 Sr/ 86 Sr=0.703, eNd = +6-8; OTcyrcTBHe Ta-Nb h Pb aHOMajnrii), HH^KHeTajmaxcKHH 
(MgO=13-16, Ti0 2 <1, 87 Sr/ 86 Sr=0.710, eNd = -8—10; npncyrcTBHe OTpHpaTeabHOH 
Ta-Nb h nojio>KHTeabHOH Pb aHOMajnrii, cymecTBeHHoe oSoramemie 
KpynHOHOHHbIMH JIHTO(J)HJIbHbIMH 3JieMCHTaMH) H HOpHJIbCKHH (MgO= 1 0- 1 2 H Ti0 2 
<1 Mac.%, Sr/ Sr=0.706, eNd = -0.5; OTpHpaTejibHaa Ta-Nb h nojio>KHTejibHaa Pb 
aHOMajinn), cooTBeTCTByiomHe jiaBaM 2, 3 h 4 u,hkjiob (ryaxiixiincKOH, 

HaaeJKaHHCKOH H MOpOHTOBCKOH CBHTaM). 

3. no aaHHbiM H3yneHHa BaaoBoro cocTaBa nopoa h pacnjiaBHbix bkjhohchhh b 
paHHHx jiHKBHaycHbix (J)a3ax (ojiHBHHax h nHpOKceHax) ycranoBaeno, hto 
ncxoaHbie MarMbi, cc}iop mm p o b a b lh h e pyaoHOCHbie HHTpy3HBbi, hmcjih tojichtobbih 
cocTaB pacnjiaBa c coaep’/KaiiHeM MgO = 8 Mac.%, xapaicreprooBajiHCb kopobbimh 
eneKTpaMH pacnpeaeJieHHa peaxnx aneMeHTOB (TaHTaji-HHoSneBaa h CBHHu,OBaa 
aHOMajinn), noBbimeHHbiMH KOHu,eHTpau,HHMH peaxnx laeMeiiTOB h BoaHO- 
yraeKHcabiM cocTaBOM (junonaa (0.5 Mac. % Boati, 0.2 xjiopa h 0.02 (jmopa) h He 
coaep'/Kaan noBbimeHHbix KOHu,eHTpau,HH uBCTiibix MeTajiJiOB. 
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4. EoraTBie Pt-Cu-Ni cyjiBcj)HAHBie pyABi paiioHa CBjnaiiBi c MaecHBaMH 
HOpHJIBCKOrO THIia, o6pa30BaHHBIMH B nOCJieHa^eJK^HHCKOe BpCMH B pe3yJIBTaTe 
caMOCToaTenBHoro MamaTHHecKoro HMnyjiBca. CTeneHB pyAOHOCHOCTH MaecHBa 
(pyflonpoaBJieHHe, deAHoe, doraToe hjih yHHKanBHoe MecTOponcAemie) He 
OTpa'/KaeTca Ha n eTpo-reox h m h h ecK hx ocodemiocTax HHTpy3HBHBix nopoA: 
cpeAHeB3BemeHHOH MarHe3HajiBHOCTH, eoAepncamnix h pacnpeAeneHHH peAKHx 
3JieMeHTOB h hx H30T0nH0M cocTaBe (Sr, Nd, Pb). 

5. OTcyTCTBHe KoppenflUMM MencAy xhmhh6Ckhm (Cu/Ni, Pd/Pt, Cu+Ni/PGE, 
PGE/S), MHHepajiBHBiM cocTaBOM pyA (cooTHomeHHe rnaBHBix pyAOodpa3yioiii,Hx, 
BTOpocTeneHHBix h peAKHx cyjiB(J)HAOB, MHHepanoB njiaTHHOBOH rpynnBi) h 
COCTaBOM CHJIHKaTHOH COCTaBJHHOmeH HHTpy3HBOB (Mg#) , a TaK'/KC npOaBJieHHe 
npopeccoB ac chmh jiau,HH tojibko b y3KHx npHKOHTaKTOBBix 30Hax in situ, 
CBHAeTejiBCTByeT o tom, hto MarMBi npn o6pa30BaHHH hophjibckhx m e cto po >ka en h ii 
BBinOJIHaJIH, TJiaBHBIM o6pa30M, TpaHCnOpTHpyK)H],yK) pOJIB no OTHOHieHHK) K 
cyjiBc[)HAaM, CKOHu,eHTpHpOBaHHBiM Ha npe abt Ay TTT Hx 3Tanax pa3BHTHH peruona b 
npeAeJiax iiH’/Kiieii KOpBi. 

Anpodapmi padoTbi 

Pe3yjiBTaTBi nccjieAOBaHHH onyOnnKOBaiibi b 175 padoTax: 1 ivionorpacjmM, 29 
CTaTBax b pe(J)epHpyeMBix >Kypnajiax, b 31 CTaTBe b ncypHanax h cdopHmcax, a TaiQKe 
114 Te3Hcax (h3 hhx 26 pacmnpeHHBix), maBHBie H3 kotopbix npHBeAGHBi b KOHpe 
aBTOpecf)epaTa. Ohh ch ct e m aTHHecKu odcyncAaimcB Ha 3aceAannax nadopaTOpHH 
reoxHMHH MamaTHHecKHx h m e t a m o p (}) hh e ck ux nopOA h YneHBix CoBeTax TEOXH 
PAH, b Mry, BCErEH, MrPH, b HHCTHTyre MKHepanornn h pyAOodpa30BamM 
HAHY (r. Khcb), a TaiQKe Ha HTC «rMK «Hophjibckhh HHKenB» h OOO 
«HopHJiBCKreojiorHa», b Apyrnx nayniibix h npOH3BOACTBeHHBix opraiiHsaHuax. 
nojiyneHHBie Aamibie h hx HHTepnpeTapHJi AOKJiaABiBajiHCB Ha MnoroHucaemiBix 
Me>KAyHapOAHBix h pocchhckhx KOH(j)epeHH,Hflx (donee 30 pa3), b tom HHCJie Ha 
BeepoecHHCKHx nnaTHHOBBix coBemamnix (MocKBa, 1992, 2002; KpacHoapCK, 
2000), MencAyHapOAHBix nnaTHHOBBix KOHrpeccax (MocKBa, 1994; CaAdepn, 2010), 
Ha MencAyHapOAHOM EBponeiicKOM coK>3e reoHayK (EGU IX, X, XI,XII b t. 
CTpacdypre, Hnu,u,e h BeHe c 1999 no 2007 r.), Ha Pocchhckhx h MencAyHapOAHBix 
Konc})epeimHHx no (J)jhohahbim h pacnnaBHBiM bkmohchhjim (r. AneKcaimpoB, 1999, 
2000, 2001; r. TpeHodjiB, OpaHiina, 2001; PnHdepr, TepMaHHa, 2005; MocKBa, 
HrEM, 2008; Ha ECROFI - r. CneHa, HTannn, 2005), Ha KOH(J)epeHiiHH Societies of 
Economic Geologists and GSA (r. HoraHHecdypr, IOAP, 2008), Ha Cu-Ni 
CHMno3nyMe b KnTae (2009 r), Ha coBemamnix «HoBBie hack b HayKax o 3eMJie» 
(MocKBa, 1999, 2002, 2004, 2009), coBemamuix naMara A.H.3aBapHpKoro, 
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A.r.EeTexTHHa, (E.H.HyxpOBa, 80-JieTHa HrEM (MocKBa, HTEM, 2007-2010), Ha 
Cmhphobckhx HTeHHax (MEY, MocKBa, 2009, 2010), Ha ceMHHape no T eoxHMHH 
MarMaTHnecKHx nopoa (rEOXH, 2010), Ha Htchhjix naMjrm B.E Xanna (MrY, 
2011), a Taioxe perHOHajibHbix coBemaHHax b Hhtc (2001, 2005), CbiKTbiBxape 
(2005), IleTponaBJioBCKe-KaMHaTCKOM (2009), neTpo3aBoacKe (2004, 2009). 
Ejiaro^apHOCTH 

JIk)6obb k reojiorHH pyanbix m e cto p o >xa £ n m 11 6 biJia npHBHTa aBTOpy Ha xacjieape 
nojie3HBix HCKonaeMBix MrY axaaeMHXOM B.H. Cmhphobbim h ero 
cnoflBH 5 KHHKaMH: K).C. Eopo^aeBtiM, r.<E. ^Ikobjicbbim, H.H. EpeMHHBiM, B.B. 
Ab^ohhhbim, 0.11. MejibHHKOBBiM, B.H. CTapocTHHBiM, HaT. E. CepreeBOH, T.A. 
(Ehjth tt bthoh, E.M. 3axapOBOH, T.H. EonapOBoil, ap- Abtop Bbipa>xaeT 
npH3HaTejibHOCTB KOJiJieraMH, OKa3aBHiHM coaGHCTBHe b ocymecTBJieHHH nojieBBix 
pa 6 oT: reojioraM «rMK «Hophjibckhh HHKejib» O.H. CnMOHOBy, A.B.nocnejiOBy, 
A.A. IIIaniKOBy; OOO «HopHJibCKreojiorHa» - B.B.KyprHHy, K).K. KpaxoBepxoMy, 
JI.H. Tpo^tHMOBOH, H.H. TymemiOBOH, E.A.Aphihhoboh, B. K). BaH-HaHy, K.B. 
KpaaenoBy, H.A. MaTBeeBy, B.n. CTpenBHHKOBy, B.A. TeTepiOKy, A. A. 
^aHBHeHKO, CT. CnHcapy, B.A.Paabxo, K.K. KoBajibnyxy, K.B. IIInmaeBy, C. A. 
BHJieHCKOMy, O.n. JIere 3 HHOH, Y. H. Jlere 3 HHy, E.B.Cepeae h ap-, a Tax>xe AT. 
TapacoBy, C.B. HncTpaTOBy, H.B. XpaMOBy, A.B. PyaaxoBoil, K.B. EbinxoBy. 
Ocooyio oaaroAapnocTb aBTOp Bbipa>xaeT B.H. MnxaHJiOBy 3a MiioroaeTinoio 
noMOipb b H3yneHHH ByjiKaHHTO b HopHJibCKoro paiiOHa b nojieBbix ycjiOBHax h 
njioflOTBOpHbie ^HCKyccHH 06 hx np0HCX05K^eHHH. YcneniHOMy npOBeaeHHio 
aHajiHTHnecKHx pa 6 oT cnocoScTBOBajiH H.A. PomHHa, H.H. KoHOHKOBa, ,Z],.B. 
Ky 3 bMHH, O.E. Ky 3 bMHHa, HexpacoB A.H., T.E. lIIjibiHKOBa, CT. CnMaxHH, E.B. 
noTanoB, A.A. HnenoBa, E.B. Eejiau,KHH, A.A. K)hihh, H.B. KyOpaxoBa, O.A. 
Tiotiohhx, ^(.H.HxeTHa, B.A. TypxoB, C.B. JlyrxoBa. noMomb b 
3KcnepHMeHTajibHbix paSoTax no inyHenmo pacnjiaBHbix BXjnoneHHH oxa3ajin A.A. 
Kaanx, A.A. KaprajibpeB, M.B. BojiOBepxnH, A.,21,. EaOaHCKHH, H.n. CojiOBOBa, 
A.B. rnpHHC, T.JI.KpbuiOBa. Abtop 6 -JiaroaapeH A.A. ApncxHHy 3 a o 6 cy>xaeHHe h 
nOMOHlb B MO^eJIHpOBaHHH npOU,eCCOB KpHCTaJIJIH3ai],HH MaTM py^OHOCHblX 
MaccHBOB, a Tax>xe BceM coTpyan h k a m jiaSopaTOpHH reoxHMHH m ar m aTH h e ck hx h 
MeTaMOp(J)HHecKHx nopoa TEOXH PAH 3 a apy^ecxyio h TBOpnecxyio aTMOC(f)epy, 
ocoSemio H.M.Cbhpckoh h O.n. TaiYiepan. TayOoKyio npH 3 HaTejibHOCTb aBTOp 
Bbipa>xaeT E.H. ToHrajibcxoMy 3a TpHaaaTHJieTHee coipyaHnnecTBO b H3yneHHH 
6a3HTOBbix pyaoHOCHbix KOMnjieKCOB b nojieBbix h KaMepajibHbix ycjiOBHax h 
HHTepnpeTau,HH pe3yjibTaTOB. HeouenuMyio pojib b npOBeaeHHH nccjieaoBaHHH 
Cbirpajia MHorojieTHaa BcecTOpOHHsa noaaep>Kxa nji.-xopp. PAH A.B.CoOojieBa, 
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KOTOpOMy aBTOp HCKpeHHe oaaronapen 3a iiocToamibiH mrrepec k HsyweiiHio 
CnSHpCKoro TpannoBoro MarMaTH3Ma. 

Pa6oTa BtmojiHeHa npH cj)HHaHCOBOH nonflepacKe POOH (npoeKTBi 00-05- 
64507-a, 00-05-74508-3, 01-05-74552-3, 03-05-79123-k, 03-05-64578-a, 05-05- 
74622-3, 07-05-01007-a, 08-05- 100092-k, 09-05-01193-a, 10-05-08173-3), 
nporpaMM npe3HfleHTa PO «Benyni,He HaynHbie uikojibi Pocchh» HHI-150.2008.5, 
HHI-3919.2010.5; nporpaMM OH3 PAH N° 4, 8 h npoeicra Bojn>cj)raHra nayna 
(r epMaHHB). 

CTpyKTypa h o6teM pa6oTbi 

^HCcepTaipw oSbcmom 355 CTp. coctoht H3 BBenemia, 6 rnaB n 3aKJiK)neHHB, 
coflep)KHT 65 pncyHKOB, 5 TaSnnn,, 3 npHnoacemia, cnncoK jinTepaTypti H3 328 
HanMeHOBaHHH. 

rJIABA 1. KPATKHE CBE^EHHfl O TEOJIOrHH HOPHJIBCKOrO 
PAHOHA H IIPOEJIEMbl TEHE3HCA PYR 

HopHJiBCKnn panoH, pacnono>KeHHBiH Ha C3 CnSnpCKOH njiaT^opMti, 
xapaKTepH3yeTCH SojiBmon mohihoctbk) ByjiKaHoreHHBix o6pa30BaHnn (3,5 km) h 
11 an mhm e m yHHKajibHBix Pt-Cu-Ni mccto po'/K/ie 11 n m. 3to coaaaeT npennocbuiKH hub 
ycnenmoro pemernM npoSneM npOHCxoacnemni orpOMHbix oSbcmob MamaTHnecKHx 
nopofl n cynepKpynHbix MecTOpoacneHHH, He HMeTo ni nx aHajioroB b MHpe no 
3anacaM h ueiniocTH cyjib(f)HflHbix pyn. PaiiOH neTanbHO oxapaKTepH30BaH b pane 
cj)yHflaMeHTajibHbix pa6oT (^kbkhkob h np., 1988; ^oahh, 1996; reoHornnecKaa 
KapTa..., 1994; Sudbury-Noril’sk, 1994; Pb6ob h np., 2001, Hajinperr, 2003; 
JlHxaneB, 2006). Ha 3anane h ceBepe oh orpamnniBaeTca Ehhcchckhm h Ehhcch- 
XaTaHrcKHM npornSaMH, a Ha boctokc - TyHryccKOH CHHeKJiH30H. npencTaBJieHHa 
O CTpOeHHH TeppHTOpHH 6a3MpyiOTCfl Ha mySHHHblX CeHCMHHeCKHX npO(J)HJIBX 
«r OpH30HT» (BopKyTa-THKCH) H «MeTeOpHT» (^lOnKyH-^HKCOH), 
CBHfleTejibCTByK)iu,Hx o HajiHHHH b ee npenejiax HrapCKO-HopHJibCKOH norpeoennoM 
najieopH(j)TOBOH CTpyKTypbi (BocTOHiiaa CTionpb, 2002), OTneaennoM MaHTHHHbiMH 
pa3JiOMaMH ot TyHryccKoro h TaiiMbipCKoro Sjiokob c o6biHiibiM njiaTcf)opMeHHbiM 
CTpOeHHeM. 3TOH TeppHTOpHH XapaKTepHbl BbICOKOrpaflHeHTHbie IipOTHObl B 

c})yiiHaMenTe, BbinoanenMe molhiibimm (ho 15 km) ocano h h o - b ya ran o re ii ii bi iyi m 
T oamaMH; Sojibinaa naoTHOCTb pa3JiOMOB; noBbimeHHaa Moru,HOCTb «6a3ajibTOBoro» 
cjiob; npHcyTCTBHe npo m e>Ky toh noro cjiob Meacny Kopoii h MaHTHeii raySune 35 km 
(Vp = 7,3 km/c). Ha coBpeMeHHoi! noBepxHOCTH o6Ha>KaK)Tca TeppnreHHO- 
ocaHOHiibie OTao'/KeiiHH G-Ci c npocaoHMH anrHapHTOB h coaeli, yraenociibie 
OTJioaceHna TyHryccKOH cepnn (C 2 Pi) h By a ran ore mine nopoan (P 2 -T|) TpannoBOH 
cj)opMau,HH. raaBHbiMH naHKaTHBHbiMH CTpyKTypaMH paiiOHa aBaaiOTca (pHC.l) 
HopHabCKO-XapaeaaxcKHH nporno, TynryccKaa cmieK3M3a, XaHTaiiCKO- 
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PblOIIHIICKHH H ^y^HHCKHH BaJIbl, a ^H3bIOHKTHBHbIMH - HopHJIbCKO-XapaeJiaXCKHH 
H JIaMCKO-JleTHHHCKHH pa3JIOMbI. 



YcjiOBHbie oSosiianeiiHa: 1 -ByjiicaHHTbi TpannoBoii (})op Mamin, 2 - OTJio'/KeiiHa 
TyHryccKoii cepHH, 3 - TeppnreHHO-Kap6oHaTHbie nopo,a,bi, 4 - pa3JiOMbi (1 - 
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EHHceH-XaTaHrcKHH, 2- HopHJiBCKO-XapaeaaxcKHH, 3 - MHKHanramiCKHH, 4- 
HManraHMCKHH, 5 - JIaMCKO-JIeTHHHCKHH), 5 - HHTpy3HBBI H hx HOMepa (cm. 
Ta6jl. 1), 6-7 - CKBa'/KMIIbl, B KOTOpBIX H3yHeiIBi: 6 - ByjIKaHHTBI H HHTpy3HBBi; 7 - 
ByjiKaHHTBi. ITpaMoyrojiBHHKaMH ooosiiaHenBi pahoHBi aeTaaBHBix HCcaenoBannn 
3(J)4)y3HBOB. 8 - nonoacemie o6pa3u,OB gd ithkphtob c nsyneiniBiMH pacnaaBHBiMH 
BKJiiOHeHHaMH, hx HOMepa, 9 -noaoaceHHe pa3pe3a, noKa3aHHoro Ha pnc. 5. 

MnoroHHcaemiBie yjiBTpa6a3HT-6a3HTOBBie HHTpy3HBBi aoKajiH30BaHBi 
npeHMyHiecTBeHHO b TeppHreiino-ocaaoHiiBix noponax h peaxo BBixoaaT Ha 
nOBepXHOCTB. TpH H3 HHX (flO 12 KM npOTJDKeHHOCTBIO, HIHpHHOH flO 2-4 KM H 
moh;hoctbk) ao 350 m) - Hophjibck 1, TaaHaxcKHH h XapaeaaxcKHH - coaepacaT 
yHHKajiBHBie no 3anacaM pyaBi, npnypoHemiBie k KOHTaKTy MaccHBOB c 
BMen;aK)mHMH nopoaaMH (ro^JieBCKHH, 1959; JlHxaneB, 1996, 2006; Likhachev, 
1994; reHKHH h ap-, 1981; ^HCTJiep h ap-, 1988 h T.a.). 3KCTpaopaimapHOH 
ocoSeHHOCTBio MecTOpoacaemrii HopHJiBCKoro pahoHa aBJiaeTca HecooTBeTCTBHe 
MOHIHOCTH HHTpy3HBOB H CB5I3aHHBIX C HHMH pya, COCTaBJUnOHtHX ^O 15 06 . % 
(JlHxaneB, 1996). IIpH hh3koh pacTBOpHMOCTH cepBi b 6a3ajiBTOBBix pacnaaBax b 
6aH3nOBepXHOCTHBIX yCaOBHHX, COOTBeTCTByEOH],HX K p M CTaa a H 3 a H H H HHTpy3HBOB 
HOpnaBCKoro KOMnaeKca, TpyaHO npeacTaBHTB ee H3BJieneHHe ToaBKO H3 hcxo^hoh 
MarMBi, cc})op mh po b a blh eii KOHKpeiHoe HHTpy3HBHoe Teao. Coaaaime peaa mcth h no h 
Moaean oopaaoBaiiHH HOpnaBCKHx MecTOpoacaemm TpedyeT HHTepnpeTau,HH 
yKa3aHHBix BBirne ocoSeHHOCTeH hx reoaornaecKoro CTpoemia. 

TJIABA 2. OCOBEHHOCTH CTPOEHHfl TYOO-JIABOBOH TOJIII^H no 
rEOJIOrO-rEOXHMHHECKHM /JAHHBIM 
2.1.Hctophh h npo6aeMbi H3yHeHHH ByaKaHHTOB b HopHJibCKOM paiionc 

Ochobbi pacaaeHeHHa nopoa ByjncaHoreHHOH tojiih,h 6bijih 3ajioacem>i b Haaaae 
60-bix roaoB XX b. bo BpeMa pernoHaaBHBix reoaoro-CBeMoaHBix pa6oT 
MacaoBBiM, ^1,.A. ,Z],oaHHBiM, 5I.C. IToaBKHHBiM h ap- B “OnopHon aereHae 
reoaorHaecKoii KapTBi MacniTaOa 1:50000, cepna HopHJiBCKaa” (1993) BBiaemnoTca 
11 CBHT, npeaCTaBaeHHBIX (CHH3y BBepx): BBICOKOTHTaHHCTBIMH (Ti0 2 > 2-3 Mac.%) 
CyOUXCaOHIIBIMH H nHKpHTOBBIMH 6a3aaBTaMH - HBaKHHCKaa iv, CBIBepMHHCKaa sv, 
ryaHHXHIICKaa gd - H HH3KOTHTaHHCTBIMH (Ti0 2 < 1 Mac.%) TOaeHTOBBIMH 

6a3aaBTaMH - xaKaiiHancKaa hk, TyKaoncKaa tk, HaaeacaHHCKaa nd, MoponroBCKaa 
mr, MOKyaaeBCKaa mk, xapaeaaxcxaa hr, KyivirnncKaa km h caMoeacKaa sm. Hx 
xapaKTepHCTHKa (neTporpacjma, neTpoxHMHa, MHHepajiBHBiii cocTaB) aaiia paSoTax 
(,Z],oaHH,1964, 1971; 3oaoTyxHH h ap-, 1984; Pa6oB h ap-, 2001). 

Hobbih 3Tan HecaeaoBaHHH m ar m ara h e ck n x nopoa CBasaii c M3yHenneivi peaKHx 
(HecTepeHKO, 1975; Lightfoot et al., 1990, 1993, 1994, 2005, 2010; Wooden et al., 
1993) h paanoreHHBix aaeMeHTOB (Kamo et al. 1996, 2003; Renne et al., 1991, 1995; 
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Sharma et al., 1992), CTaSnjiBHBix h30toiiob S, O, H, C (rpHHemco, T oanGBCKHH, 
1965; Grinenko, 1985; ITokpobckhh h ap., 2002, 2005). B pe3yjibTaTe 6bijio 
noKa3aHO, hto bbicoko-TI 6a3aiiBTBi xapaKTepiriyiOTca noBBimeHHBiM (>2) Gd/Yb 
OTHomeHHeM, a HH3KO-Ti - nonir/Keinibiivi (<1.2), hto OTpa>KaeT npHcyrcTBHe 
rpaHaTa b HCTonmnce nepBBix H3 hhx. BaacnbiM OKaaaaocb ycTaHOBJiemie 
noHHJKeHHbix b 3 pa3a coaep'/KainiM Cu h Ni b aaBax raoKHen nacTH HaaencaHHCKoii 
CBHTBI no CpaBHeHHK) C OCTaJIBHBIMH 6a3aJIBTaMH, HTO JieTJIO B OCHOBy MO^eJIH 
(j)opMHpOBaHna pya b OTKpBiTOH CHCTeMe (Naldrett, 1992), rae o6oram,eHHOCTB 
KpynHOHOHHBIMH JIHTO(|)HJIBHBIMH 3JieMeHTaMH Ha^OK^HHCKOH CBHTBI 
pacc m aTp h b aeTca icaic npH3Haic koi iTaM h nanii h pacnjiaBa kopobbim MaTepnajiOM, 
npiiBeanjCH k Bbinaaenino cynbcjmaoB. U poMcncyTOHHBie Mencay hhmh h ochobhbim 
o6bcmob 6a3anBTOB no reoxnMnn nopoati 6bijih ycTaHOBJieHBi b iih hc ii e h nacra 
MOpOHTOBCKon cbhtbi nojiyHHJiH Ha3BaHne «TpaH3HTHBix» cepnn - nepexoaiibix k 
TnnnHHBiM TpannaM. rjiaBHBie TnnBi cneKTpOB ana nopoa pa3HBix cbht noKa3aHBi Ha 
pHC. 2. 

HecMOTpa Ha Sojibhioh o6bcm nojiynemioro MaTepnana, mhothc BonpocBi 
oopaaoBaiiHa ByHKanimecKiix nopoa ocTaioTca HepemeHHBiMH, nocKOJiBKy 
aeTanBHBie reoxHMHnecKHe HCCJieaoBaHHa 6a3HpoBajiHCB tojibko Ha oaHOM CBoaHOM 


Phc. 2. Cnaiiaep- 
anarpaMMBi niaBHBix 
THnOB ByjIKaHHHeCKHX 

nopoa paiiOHa (no 
aaHHBiM aBTOpa; 3aecB h 
H a pHC. 3, 6,7, 9, 10,14,17 

COaepJKaHHfl 3JieMCHTOB 
HOpMHpOBaHBI K 
npHMHTHBHOH MaHTHH nO 

(Hofmann, 1988)) 

pa3pe3e ByjiKaHHTOB XapaejiaxcKon MynnaBi (ckb. Cr-9 n Cr-32, aonomieHHOM 
aaHBiMH no 3cjx[)y3HBaM r. CynayK), ncxoaa H3 npeanoao'/Kenna o naao'/KennoM 
xapaKTepe njinKaTHBHBix CTpyKTyp b panoHe. OaHaKO xopomo h3bcctho H3 pa6oT 
npeatiaymnx aBTOpOB (MacjlOB, 1964; 3ojiOTyxnH n ap-, 1976), hto CTpoeHne Tycjio- 
jiaBOBon TOJimn cymecTBeHHO OTJiHnaeTca b hhx. 

OTcyrcTBne naac'/Kiibix MapKHpyiomnx ropn30HTOB, 6jih30Ctb TeKCTypHO- 

CTpyKTypHBix ocoSeHHOCTen n neTpoxnMnn jiaB nacTO He no3BoaaiOT naae/Kiio 

anamocTHpOBaTB nopoabi pa3HBix cbht, ocodemio npeacTaBJieHHBix tojichtobbimh 
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6a3anbTaMH. IToaTOMy npenno'/KCinibie cxeMbi pa3BHTna MamaiTOMa b paiiOHe 
cymecTBeHHO pa3HHHaiOTCH (roaaeBCKHii, 1959; Lightfoot et al., 1994; Fedorenko et 
al., 1996; AabMyxaMeaoB h ap., 1999; MeaeeaeB, 2004, Hbbhob, 2011). Tojibko 
coHeTaiiHe pernonaabiibix nccneaoBannn b coBOKynHOCTH c acTaabiibiivi 
reoxHMnnecKHM H3yneHHeM bo MHoroM noMoraeT npOBecTH rpaHHpbi Meacay 
CBHTaMH, onepTHTb apeanbi hx pacnpocTpaHemifl h BOCCTaHOBHTb HCTOpmo 
pa3BHTna ByjiKaHH3Ma. Hmchho TaKoii rioaxoa 6 bih Hcnonb30BaH b naimon padoTC. 
Hh/KC H3aaraiOTCH tojibko npHHu,HnHajibHO HOBbie aamibie, iioayHeinibie ana 
TpannoBbix nopoa b xoae HCcaeaoBaHHH. 

2.2. Pe3yjibTaTbi H3yHeHHH ByjiKaHHHecKHX nopoa 

2.2.1. ryanHXHHCKaa cbhtb p acnpocTpaHeHa KpaiiHe HepaBHOMepHO h tojibko b 
npeaejiax HopmibCKO-XapaejiaxcKoro npornda: ee MaKCHMaabHaa moih,hoctb (> 400 
m) ycTaHOBJieHa Ha 3anaae TeppHTOpHH, b to BpeMa KaK Ha boctokc OHa cocTaBJiaeT 
10-12 m, a MecTaMH (ceBepHbiii 6eper 03. TjiySoKoro) nojiHOCTbio BbiKJiHHHBaeTca. B 
ee CTpoeHHH BbiaeaaiOTca TpH noacBHTbi, HaHdojibiHHH HHTepec H3 KOTOpbix 
npeacTaBJiaeT cpeanaa, caoaceHHaa nHKpHTaMH. CocTaB 3thx nopoa, a TaKace cocTaB 
OHHBHHOB H paCnaaBHBIX BKJHOHCHHH H3 HHX ObLl M3yHCn HaMH (Cooohcb H ap., 

2009) b o6pa3H,ax: XC-5 1-130 - H3 3anaaHoii h 4270/13, CY-50 - H3 boctohhoh 
nacTeii paiiOHa (pnc.1). HanSoaee hphmhthbhbimh aBaaiOTca pacnaaBbi, 
C(j)OpMHpOBaBHIHe nHKpHTBI BOCTOHHOH HBCTH paiiOHa (pHC.3), B TO BpeMfl KaK 
TaKOBbie Ha 3anaae TeppHTOpHH npeTepnean HeKOTOpyio (ao 10%) k onTa mhii a hhio 
KO pOBbiM MaTepnaaoM - b cooTBeTCTByiomHx cneKTpax noaBJiaiOTca caadbie 
noao'/KHTeabiiaa Pb h OTpHpaTeabHbie Ta-Nb h Ti anoMaanH, THnHHHbie ana nopoa 
KOHTHHeHTaabHoii KOpBi (b hhx ace ycTaHOBaeHbi h noBbiHieHHbie coaep'/Kanna 
xaopa - ao 0.2 Mac. %). CoaepacaHHH Boati ohchb HH3KHe - 0 - 0.2 Mac.%. 
HcxoaHbie pacnaaBbi (HanpHMep, o6p. CY-50, Mac.%: Si0 2 -50.28, Ti0 2 -2.31, 
A1 2 0 3 - 13.21, FeO-9.26, MnO-0.13, MgO-9.30, CaO-11.21, Na 2 0-2.27, K 2 O-0.33, 
P 2 0 5 - 0.22, S- 0.02) KpHCTaaaH30BaaHCb b npnno b epxHO cthbix ycaoBHax npn 
TeMnepaTypax 1250-1170°C, aeTynecTH Kncaopoaa Ha 2.5-3 nopaaxa HHace 6y(J)epa 
Ni-NiO. PoaoHanaabHbie pacnaaBbi ryaHiixmiCKiix nopoa OTBenaiiH 
nHKpo6a3aabTaM c KOHu,eHTpau,naMH MgO = 11-14 Mac. %, 6bihh pe3KO 
HeaocbimeHbi cepoii, coaepacaan MeHee 0.25 Mac. % Boabi h yraeKncaoTbi h 
o6pa30BaaHCb Ha raySHHe 120 km (CoSoaeB h ap-, 2009). 

FlHKpHTbi boctohhoh hbcth paiiOHa (o6p. 4270/13 h CY-50) xapaKTepH3yiOTca 

87 86 

CaMbIMH HH3KHMH 3HaHCHHaMH Sr/ Sr = 0.703 H BbICOKHMH £ Nd = +5.1 
(Krivolutskaya et al., 2011) no cpaBHemno c gd ByjncaHHTaMH 3anaaHoii nacra (o6p. 
XC-51/130). 3th pa3aHHHa, BcpoaTiio, CBH3aHbi co CTpyKTypHbiMH ocoSennocTaMH 
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TeppHTOpHH: b ee boctohhoh nacra (XaHTancKO-PbidnHiiCKMn Baa, pnc. 1) napany c 
noTOKaMH noaBaaiOTca MnoroHHcaemibie ByaKaHbi ueiiTpaabiioro rana, 
CBMaeTeabCTByiomiie o npeodnanannH BepTHKaabHbix 



Phc.3. Cnaiiaep- 
anarpaMMbi pacnaaBHbix 
BKHIOHeHHH H3 OHHBHHOB 
nHKpHTOB ryaHHXHIICKOH 
CBHTbl. 

Cy-50 H 4270/13 - H3 

BOCTOHHOH H XC-51-130 
H3 sanaanoH HacTen 
TeppHTOpHH. )KeaTbie 
KBaapaTbi - 

KOHTHHeHTaabHaa xopa 


KaHaaoB, no kotopbim npOHCxoanao 6oaee SbiCTpoe H3BepaceHHe MarM Ha 
noBepxHOCTb, neM b coceaHeii XapaeaaxcKOH Myabae. 

2.2.2. XaKaimancKaa h TyKaoHCKaa CBHTbi. XaKaimaiiCKaa CBHTa BbiaeaaeTca b 
KanecTBe o^hoto H3 HeMHornx MapKHpyiomHx ropH30HTOB b paiiOHe, nocKoabKy OHa 
cao'/Kena Tyc|)aiviH h Tyc|x|)nTaivin, nesHaHHTeabno BapbupyiomuMii no mouhiocth. 
HHoraa b Heil onncbiBaiOTca peaKHe npocaon ToaenTOBbix 6a3aabTOB, oaHaKO ao 
chx nop caaraiomiie ee nopoabi He 6bian nayaenbi coBpeMeHHbiMH MCToaaMH 
(KpOMe 1 o6pa3u,a Tycjia, Fedorenko et al., 1996). YaHTbiBaa Baaoroe 3na L ienne 3thx 
nopoa ^aa noHHMaHna odmeii 3Boaiou,HH ByaKaHH3Ma, mbi HCcaeaoBaan CTpoeHne 8 
pa3pe30B cpeflHeil nacra Tycj)o-aaBOBOH tohiiih: b ceBepHOM nepHKaHHaabHOM 
3 aMbiKaHHH XanTaHCKO-PbionHiiCKoro Baaa, b ceBepo-aanaanon nacra 
XapaeaaxcKOH Myababi, Ha ceBepe HopnabCKOH Myababi, Ha 3anaae TyHryccKOH 
CHHeKaH3bi. B pe3yabTaTe 6biao ycTaHOBaeHO, hto OTMenaBiHHeca npeabiaymHMH 
HecaeaoBaTeaaMH npocaon ToaenTOBbix 6a3aabTOB b cocTaBe xaKaHHaHCKOH cbhtbi 
npncyTCTByiOT ToabKO b peHTpaabHOH nacra HopnabCKoro paiiOHa (b paiiOHe 
XaHTaiiCKO-PbiSHHHCKoro Baaa), h ohh pe3KO OTannaiOTca no cocTaBy ot 
Hepeayiomnxca c hhmh b pa3pe3e TycjiOB. 

3to npoHaarocTpHpOBaHO Ha pnc. 4, rae Bbirne nHKpHTOBbix 6a3aabTOB gd 
cbhtbi ycTaHOBaeHa nepeMeacaeMOcra TycjiOB h Tycj)(J)HTOB c ToaenTOBbiMH 
6a3aabTaMH, OTHeceHHbiMH b noaeBbix ycaoBHax n p e a n o a o >k n t e a b n o k 
xaKaHHaHCKOH CBHTe. OaHaKO aamibie no pacnpeaeaeHHio peaKHx aneivienTOB b hhx 
noKa3aaH, hto 6a3aabTbi h Tyc|)bi odaaaaiOT npHHu,HnHaabHO pa3HbiMH 
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reoxHMHnecKHMH ocoSeHHOCTflMH: HanpHMep, La/Sm OTHomemie b nepBbix He 
npeBBimaeT 2.7, b to BpeMa icax bo BTOpBix ^ocTHraeT 5.7. TaKHM o6pa30M, 
6a3aJIBTBI H^eHTHHHBI nOpOaaM TyKJIOHCKOH, a Tycj)b[ H Ty(jx})HTbI- HaHOK/HHICKOH 
CBHTaM. 


C3 

m 500 


o ■ 


-500 


-1000 ■ 


CBkiTa, 

KOMnneKC 

H,m 

riopofla 

06pa3ei| 

Ns 

T,nd 2 

520 

500- 

is Is 

is is 

4291 

!></, 

480- 

is s 

s s 

S S 

4290 


460 ~ 

lo lO 


T ,tk 

440- 

lo lo 

lo lo 
lo lo 

4289 


420- 


4288 


S S 

4287 

T ,hk 

4nn- 


4286 


s s 

4285 


380- 

i ' -'i 

4284a 

T lg d 2 


Ilj Ilj 

4270/13 


520 


La/Sm 

3 4 5 


500- 


480- 


460- 


440- 


420- 


400- 


380- 


“I- - -1- 1 -1-T" 



XamaMCKO-PbiSHUHCKUM Ban 


T t mk 


T ,mr 


fOB 

500m 



7 } T y* bl 


nopcf)npoBbie_ _ 

S TO/ieHTOBbie I I riUKpMTOBbie 1 ^ I TyCfD(})MTbl 


-500 


-1000 


Phc. 4. Cipoemie Tycjio-JiaBOBOH tojt ttt h b ceBepHOM 6opTy 03. JIaMa 
(nojiojKeHHe pa3pe3a cm. Ha pnc.l) 

PernoHanbHbie HCCHeflOBamia noKa3ajiH, hto b 3anauHOH nacra paiiOHa 
TyKJiOHCKHe nopo^bi HCHe3aiOT BOo6me, b to BpeMa icax mohihoctb Ha/ie>K,nHHCKHx 
ByjixaHHTOB pe3KO yBejiHHHBaeTca k Ehh ce h-X aTaii tckom y npornSy. OSpaTiiaa 
3aKOHOMepHOCTb THnHHHa flJia BOCTOHHOH HaCTH TeppHTOpHH, T^e CymeCTBeHHO 
B03paCTaiOT KOJIHHeCTBO nOTOKOB H MOIU,HOCTb nOpOfl TyKJIOHCKOH CBHTbl, a pa3pC3 
Ha^e^CflHHCKOH CBHTbl pe3KO COKpaiH,aeTCa. H3 COCTaBJieHHOH HaMH CXeMbI H30naXHT 
(pHC. 5) OTHeTJIHBO BH^HO, HTO B nOCTTy^HHXHHCKOC BpeMfl CyiH,eCTBOBaJIH 
OflHOBpeMeHHO fl, Ba MaTMaTHHeCKHX HCIITpa, npOayKTbl H3BCp'/KCnHH KOTOpbIX 
o^HOBpeMeHHO OTJiarajiHCb b peHTpanbHOH nacra paiiOHa, coaaaBaa npocnon TyrjiOB 


17 














































xaicaHHaHCKOH h SaaaabTOB tykjiohckoh cbht. OaKTHnecKH xaxaHHaHexaa CBHTa 
npe^CTaBJiaeT co6oii nn/xmoio nacTb HaaeacaHHexoH cbhtbi, c (})op mm p o b a b hi y i o ca b 
3KCnJI03HBHbIH nepnoa. 



0 25 50 75 100 125 150 0 50 100 150 200 250 

Phc.5. CxeMbi n3onaxHT ana ByaxaHHTOB HHacHeii nacTH HaaeacaHHCxoii (A) h 

TyXHOHCXOH (B) CBHT 

Apeaa pac n pocTpai i e n ria [iH>xneiiaae>xanncKHx ByjiKaHHTOB hcmhoto 
npeBbimaeT apeaa pa3BHTHa nopoa rya L i n x n n cko m cbhtbi, ho no MOpcjionorHH ohh 
oneiib 6aH3KH. 3to CBHaeTeabCTByeT 06 yHacaeaoBaHHOCTH MarMaTH3Ma b 
paianmibie nepHoati pa3BHTHa phc|)toboh CTpyKTypbi, BbiaeaaeiviOM Ha ceBepe 
HopnabCKoro paiiOHa (EHHceH-XaTaHrcxHH h 11 rape ko - H o p n a bck m m npornSbi). 

2.2.3. HaaeacaHHCKaa CBHTa ( ToaeHTOBbie, acjinpOBbie h raoMeponop(j)HpOBbie 
6a3aabTbi) BbiaeaaeTca Ha c|)one ocTaabHbix cbht noBbimeHHbiM coaep>KanHeM Si02 
(52-54 Mac.%). HaMH BnepBbie aoxasaHO cymecTBOBamie b Hen nHKpHTOB. PaHee b 
HopnabCKOM paiiOHe nHKpHTbi h nHKpo6a3aabTbi 6bian o6napy>xenbi ToabKO b asyx 
H3 HHX - ryaHHXHHCKOH H TyXHOHCXOH. B nOCaeaHCH OHH o6pa3yK)T npocaoH, 
Hepeayiomneca c nHpoxceHOijiHpOBbiMH 6a3aabTaMH b peHTpaabHoii aacra 
paccaoeHHoro noKpOBa Ha r. CyHayK. CxoaHbie o6pa30Banna 6bian onncaHM b 
paiiOHe npaBoro npHTOxa p. MriKwanraa, rae ohh npeaBapHTeabHO OTHeceHbi k nd 
CBHTe (^oaHH, roay6KOB,1971), ho no3>xe oxapaKTepH30BaHbi kbk ryaHHXHHCXHe 
(Pa6oB h ap-, 2001). Ilo aHaaorHH c CyHayxcxHM noKpOBOM 3th nopoati CTaan 
paccMaTpHBaTbc a xax lYiapKiipyiomiie roprooHTbi TyxaoHCxoii cbhtbi 
(reoaornaecKaa xapTa..., 1994). noayaeHHbie HaMH aaHHbie no coaepacaHHaM 

on os 

peaKHx, RRE (La/Sm = 5.6) aaeMeHTOB h paaHoreHHbiM H30TonaM ( Sr/ Sr = 
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0.7084 SNd - -8.1) MmcnaHranHCKoro noicpOBa no 3 BonaiOT c bmcokoh CTeneHBK) 


flOCTOBepHOCTH COnOCTaBHTB HX C HH5KHeHafle5K^HHCKHMH JIBBaMH, 


xapaKTepH3yK)iu,HMHca oneiib hh3khmh co a £ pac a ii m h m h uBCTiibix MeTamiOB, 
ocoSeHHO Mean. 3to KacaeTca aaace BbicoKOMarHe3nanbHbix nopoa noKpOBa, 
CaO'/KemiblX OaHBHHOBblMH 6a3aJIbTaMH H IIHKpHTaMH. Bee 3TH o6pa30BaHHB pe3KO 


OTHHHaiOTCH OT 6jIH3KHX nO CTpyKTypHO-TeKCTypHbIM OCOOeilHOCTHM TyKOHCKHX 

6a3ajibTOB (pHC. 6, o6p. CY-33). 



Phc. 6. Cnaiiaep- 
anarpaMMbi nopoa 
MoKHanraHiiCKoro n 
CyHayKCKoro noKpOBOB. 
o6p. 530/12 - nnKpHT 

530/17-6a3anbT MmcnaHr- 
anHCKoro noKpOBa (ndi), 
SG-32/2212.5 - 3TaaoHHbin 
o6pa3eu, naae'/KanncKon 
CBHTbi no (Lightfoot et al., 
1993), CY-33 - nnKpHT 
CyHayKCKoro noKpOBa (tk) 
n mod - MoaenbHbin 
paennaB (cepbie Kpyaacn) 


reHeTnnecKaa oaHOpoaHOCTb paccMOTpeHHbix HaMH bmcoko- n 
HH3KOMarHe3najibHbix nopoa MO>KeT obitb npOBepeHa nyTeM noayneHna nocneaHnx 
npocTon KyMynapnen ojiHBnHa b tojichtobbix MarMax c noMOipbio m aTe m aT hh ecKO ro 
MoaeJinpOBaHna, BbinojiHeHHoro c noMOipbio MeToaa HanMeHbmnx KBaapaTOB. 
IlnKpHTOBbie pa3HOBnaHOCTH noaynaiOTca npaMbiM aonojiHemieM 30,5 % ojiHBHHa 
(Fo 75.58 -cpeaHee n3 61 anaarna) k HaaeacanHCKHM 6a3aabTaM (BsaTbiM b xanecTBe 
3TajioHHoro o6p. SG32-2212.5 H3 padoTbi (Fedorenko et al., 1996). CocTaB 
MoaenbHoro pacnaaBa npnBeaeH Ha pnc.6. TaKHM o6pa30M, H3yaeHHbie nnKpnTbi 
MoKHanraHHCKoro noKpOBa MoryT canTaTbca BnepBbie ycTaHOBaeHHbiMH 
npoayKTaMH HanSoaee npnMHTHBHbix pacnaaBOB b HaaeacanHCKon CBHTe. HecMOTpa 
Ha npeanoaoaceHne o peinaiomen poan sthx nopoa b pyaoo6pa30BaHHH (Li et al., 
2009), nx 3HaneHne b (J)opMHpOBaHHH MecTOpoacaeHnn ao cnx nop OKOHnaTeabHO He 
ycTaHOBaeHO (Krivolutskaya et al., 2011a). 

2.2.4. MopQHroBCKaa, KyMrnHCKaa CBHTbi. Ilpn royneHnn re ox hmhh e ckhx 
ocooemiocTeH 3c})c|)y3MBOB XapaeaaxcKon Myababi 6bian BbiaeaeHbi «TpaH3HTHbie» 
cepnn (Wooden et al., 1993; Fedorenko et al., 1996), BKmonaioinHe Bepxmoio nacTb 
HaaeacanHCKon n HnacmoK) nacTb MOpOHroBCKon cepnn, xapaKTeproyiomneca 
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npOMOKyTOHHBIMH r 6 0 X H M H H 6 CK H M H napaMCTpaMH MOKHy THnHHIIblMH 

npeacTaeHTeaa m n 3thx cbht (nd| h mr 2 ). Ha ocHOBamm stoto (jiaKTa ko btopoh, 
rnaBHoii, (j)a3e TpannoBoro MarMaTH3Ma OTHeceHBi nopoati, HanHHaa c BepxHeii 
nacTH MOpOHroBCKOH no caMoeacKyio cbhtbi. 

npOBeaeHHBie HaMH HCCJieaoBamni paaa onopHbix pa3pe30B pa3Hbix 
TeKTOHnnecKHx CTpyKTyp panoHa noKa3ann, hto b aencTBHTejibHOCTH Hajinnne 
nopoa npOMejKyroHHoro cocTaBa aBJiaeTca peaKOCTBio, oSbihho npeacTaBHTenn 
yKa3aHHbix cbht oSaaaaiOT CBOHCTBaMH, thhhhhbimh ana 3thx ct paT h rpar })h h e ck h x 
noapa3aeJieHHH (pnc.7). KpOMe toto, HHoraa nopoati c «aHOMajibHbiMH» 

Pnc.7.Cnanaep-anarpaMMbi 
TJIOMepOnOp(J)HpOBbIX 
6a3anbTOB BepxHen nacra 
HaaejKanHCKon cbhtbi (nd 3 ) 
h ac[)HpOBbix 6a3anbTOB 
HH5KHCH HaCTH MOpOH- 

tobckoh (mr) cbht no 
pa3pe3aM b npaBOM 6opTy 
P.K).Hk 3H H Ha IO/KIIOM 
6epery 03 . DiydoKoro 


CBOHCTBaMH (odoramemiBiMH cneKTpaMH) noaBJiaiOTca h b peHTpajiBHBix nacTax 
apyrnx cbht (HanpHMep, caMoeacKoii), KOTOpbie hhkbk Hejn>3a othccth k 
«TpaH3HTHBiM». CneaoBaTejiBHO, BbiaeneHHe npoMe'/KyTOHiibix cbht npeacTaBJiaeTca 
HeaocTaTOHHO apryMeHTHpoBaHHbiM, h k ocHOBHOMy TpannoBOMy 3Tany aoJHKHBi 
6bitb OTHeceHBi 6a3ajiBTOHaBi, HanHHaa c TyKJiOHCKoii cbhtbi. 

2. 3. O6pa30BaHHe Tyi|)o-JiaBOBOH tojiiph 

nepHOaHHHOCTB B HCTOpHH pa3BHTHa MaTMaTH3Ma nOauepKHBaJiaCB BCeMH 
HCCJieaoBaTejiaMH pernoHa (pnc. 8). roaneBCKHH (1959) BBiaejiaji 4 3Tana, bo BpeMa 
KOTOpBix (jiopMHpOBajiHCB jih6o tojibko naBBi, jih6o naBBi h HHTpy3HBBi. P. Lightfoot 
et co-authors (1993) nonarajiH, hto (jiopMHpOBaHHe 6a3anBTOB Hophjibckoto paiiOHa 
npoHCxoanno b aea rjiaBHBix 3Tana, bo BpeMa kotopbix H3JiHBanHCB 6a3anBTBi, 
cooTBeTCTByiomne tbrobbim OKeanimecKiix octpobob, a 3aTeM - BHyTpHnjiHTHBie, 
Meacay kotopbimh (jDopMHpOBanHCB b npoMeacyTOm iyK) CTaanio cymecTBeHHO 
OTJiHHaiomHeca ot hhx BynKaHHTBi . A.H AjiBMyxaMeaoB h ap- (1999) BBiaenHJiH 
o6pa30BaHHa pncjiToreHHoro h njiaTijiopMeHHoro 3TanoB Ha ocHOBaHHH cpaBHeHHa 
CTpoeHHa h cocTaBOB ByjiKaHHnecKHx o6pa30BaHHH 3anaaHoii h Boctohhoh 
Ch6hph. npeacTaBJiaeMaa b padoTe cxeMa Handonee 6nH3Ka k aamibiM 3thx 
HCCJieaoBaTerieH, ho npHHu,HnHajiBHBie ee otjihhhh 3aKniOHaiOTca b tom, hto 
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rnaBHBie 3Tanti He CMenaan hctko bo BpeMeHH oaun apyrou, a b onpeaeaemibiH 
nepnoa BpeMeHH cocymecTBOBaaH BMecTe Ha coceaHHx TeppHTOpnax. B BbiaeaeHHH 
KOHKpeTHBix u,hkjiob pa3JiHHHB eme 6onee cymecTBemibi (pnc.8). 


Ha ocHOBaHHH nojiyneHHbix aamibix HCTOpna ByjiKaHH3Ma b patio ne 
npeflCTaBJiaeTCB caeayiomMM o6pa30M. nepBbiH 3Tan pasBUTua MarMaTH3Ma CBjnan 
C KOHTHHeHTaJIbHbIM pH(|)T0reHe30M, BO BpeMX KOTOpOrO npeHMymeCTBeHHO 
H3JiHBajiHCb pacnjiaBbi rayounnoro npoHcxoacaeHHa (c bbicokhm Gd/Yb 
OTHomeHHeM, c b m a e t e a b c t b y i o llhim o ii an hhhh rpaHaTa b HCTOHiiHKe). AKTHBiiaa 
MamaTHHecicaa ^eaTeabHOCTb 6biaa cocpeaoToneHa b HopnabCKO-HrapCKOH 



roflaeBCKMM, 1959 
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Phc.8. CxeMbi pas both a ByaicaHH3Ma no aamibiM pa3Hbix aBTOpOB 

OdcTaHOBKH: OIB - OKeaHHnecKHx octpobob, WP - BHyrpHnnHTHaa; 3Tanbi: P - 
pH(J)TOBbiH, n - naaTcfiopMeHHbiH, T - TpannoBbiH. 

CTpyKType (nBaKHiiCKaa h cbiBepMHHCKaa cbhtbi) h KOHTpoaHpOBaaacb EmiceS- 
XaHTarcKHM pa3aoMOM. 3 to Han6oaee OTneTHHBO bh^ho Ha npHMepe 6a3aabTOB 
ryflHHXHHCKOH h Ha^OK^HHCKOH cbht. AHaaorHHHoe pa3BHTHe npoman noaodHbie 
CTpyKTypbi 3anaflHO-CH6HpCKOH naaT(J)opMbi, rae ycTaHOBaeHbi cyouicaoHiibie 
nopoati h 6a3aabTbi, 6aH3KHe no cocTaBy k HaaencaHHCKoii CBHTe (Saunders et al., 
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2005). OflHOBpeMeHHO c HanaaoM HaaeacaHHCxoro 3xcnao3HBHoro u,HKJia (TycfiBi 
XaKaHHaHCKOH CBHTBI ) Ha BOCTOKe TeppHTOpHH B03HHK HOBBIH U,eHTp MarMaTH3Ma, H 
HanaaocB BHeapeHHe tohchtobbix, HHoraa nHKpHTOBbix, 6a3aaBTOB TyxaoHCKoii 
cbhtbi, 6 jih 3 khx k coSctbchho TpannoBOMy 3Tany MarMaTH3Ma (MopoHroBCxan- 
caMoeacxaa cbhtbi). npoayxTBi H3BepaceHHa nocaeaHero, b otjihhhc ot nepBoro 
3Tana, 3aHHMaiOT orpOMHBie naomaan (cothh tbic. km"). Bepoarao, ueiiTp 
H3Bep)KeHHa BTOporo 3Tana pacnoaaraaca b paiiOHe nnaTO IlyTOpaHa, hjih b 
peHTpajiBHOH Hacra TyHryccKoii chhckjih 3 bi, cyan no yBeanHennio moih,hocth b 
3 tom iianpaBaeunn tk 6a3ajiBTOB. Oanaxo BepxHaa nacTB 3c|)cJ)y3HBOB stoto 3Tana 
3aecB cymecTBeHHO capoanpoBaiia. MarMaTHHCCKaa aeaTeaBiiocTB no ray6 hhhbim 
pa3aoMaM (b nacTHOCTH, EHHceii-XaTaHrcKOMy) npoaoaacaaacB h nocne ochobhoto 
3Tana, o neM CBHaeTeaBCTByiOT meaonHBie nopoaxi MaHMena-KoTyHCxoi! 

npOBHH TT HH. 

TJIABA 3. HHTPY3HBHBIE nOPO/JM 

3.1. IIpo6jieMbI BbiaeJieHHH HHTpy3HBHbIX KOMIIJieKCOB B HopHJlbCKOM paiiOHe 

npoSaeMa CBa3H MarMaTH3Ma c pyaoo6pa30BamieM ocoOchho ocTpo ctoht 
M arMaTHnecKHx m e cto p o ac a e i i m m , b kotopbix pyati aBaaiOTca cocTaBHoii nacTBio 
HHTpy3HBHBIX yaBTpa6a3HT-6a3HTOBBIX KOMnaCKCOB. HopHHBCKHH pyaHBIH paHOH 
aBaaeTca ncxa iohHT ea biibim mcctom ana pemeHHa stoh npoSaeMBi, oaaroaapa 
ninpOKOMy pacnpocTpaHemno HHTpy3HBOB pa3Hoii CTeneHH pyaoHOCHOCTH: ot 
coaep'/Kamiix cynepKpynHBie n a aTH 11 o - m ea n o- n h xea e b bi e MecTOpoacaemia ao 

SeaHBix h 6e3pyaHBix Tea. CpaBHHTeaBHBiH aHaaH3 ri e Tp o - r e o x h m m h e ck m x 
oco6eHHOCTeii, a Taxace MHHepaaBHoro cocTaBa nopoa h pya pa3HBix MaccHBOB 
no3BoaaeT ou,chhtb poaB paBanniiBix cJiaKTopoB b o6pa30BaHHH opyaeHeHHa. 

IiHTpy 3 HBHBie nopoa bi paiiOHa noapaaaeaeiibi Ha KOMnaeKCBi (reoaornnecKaa 
xapTa..., 1994; TaSa.l) b 3 aBHCHMOCTH ot hx BHyTpemiero CTpoeHna. OTneTanBO 
anc|)c|)epeimnpoBaiiiiBie HHTpy 3 HBBi OTHeceHBi k iiopnabCKOMy (c BBiaeaeHHeM 
TnnoB, OTanHaiomiieca no xapaxrepy aHcjxJiepeimHaHHn), a caa6o 
aH(J)(J)epeHu,HpOBaHHBie - k oroHepCKOMy h aaaauKaHCKOMy KOMnnexcaM. OaHaxo 
Taxoe pa 3 aeaeHHe OTpaacaeT cxopee ycaoBHa xpHCTaaaH 3 au,HH MarM, hcm 
CBH aeTeaBCTByeT 06 hx npOHCxoacaeHHH. 

3.2. TeoxHMHHecKaH Tnnn3ann5i HHTpy3HBHbix nopoa HopnabCKoro paiiOHa 

HaMH Sbian H 3 yneHBi 35 MaccHBOB b HopnaBCKOM paiiOHe, raaBHBie H 3 hhx 
npHBeaeHBi b TaSa.l. ITo neTpoxHMHnecxHM ocoSemiocTaM Bee ohh 6 hh 3 kh, 3 a 
HCxaioneHneM nopoa epraaaxcxoro xoMnaexca, BBiaeaaiomeroca cbohm 
cyomcaoHiiBiM cocTaBOM (iiH’/xe ohh He paccMaapnBaiOTca). Bee yaBTpa 6 a 3 HT- 
6 a 3 HTOBBie MaccHBBi HOpMaaBHOH meaoHHOCTH pa 36 HBaiOTca Ha Tpn rpynnBi no 
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co,nep 5 KaHjMM pe^KHx 3JieMeHTaM h hx cooTHonieHHXM (Gd/Yb-La/Sm - pnc.9, 
10A): aiOMTajieHCKHH, iiM/KiieTajiiiaxcKMM h hophjibckhh, hx reoxHMHHecKHe 
OCObeHHOCTH (b TOM HHCJie H H30T0nHBie) COBnaaaiOT C TaKOBBIMH ryflHHXHHCKOH, 

Ha^e^KaHHCKOH H MOpOHTOBCKOH CBHT COOTBeTCTBCHHO. H XOTB nO MaTHe3HaJIBHOCTH 
H THTaHHCTOCTH nOpOABI HOpHJlBCKOTO H 11 M >K 11 CTaJl 11 ax CKO TO KOMnJieKCOB 
OTJIHHaiOTCa OT 6a3aJIBTOB aHaJIOTHHHBIX CBHT (10-16 MgO H Ti0 2 < 1 Mac. %), 
noapaaaejreiiHe HHTpy3HBOB Ha cooraeTCTByiomne rpynnBi, Bepoamo, ^ojdkho 
npOBO^HTBca no cneKTpaM pacnpeaejreiiHH peaKHx aneMeHTOB, 6jih3khm k sthm 
ranaM MarM (pnc.9). HHTpy3HBBi, othochmbic no ocoSeraiocTaM CTpoeHna k pa3HBiM 
THnaM HOpHJlBCKOTO KOMnJieKCa (3y60BCKHH, KpyTJIOTOpCKHH, HOpHJIBCKHH), He 
oTTi hh aioTC a Me>Kay co 6 oh no reoxHMHH nopofl h oSbcjihi hootch b oany rpynny. 
Hmpy3HBBi >Ke aajiaBiKaiiCKoro KOMnaeKca 3 a chct noBBimeHHBix coaep'/KaiiiiM Ti0 2 
(a o 1.8 Mac.%) MoryT 6 bitb BBiaeaeiiBi b cbmo CTOHTe jibhbih ran b npeaejrax 
HOpHJlBCKOTO KOMnJieKCa. 

HanSojiee Ba>KiiBiM ibk ji ioh e 11 oe m H3 npoBcaemiBix HCcaeaoBaiiHH cjieayeT 
He3aBHCHMOCTB TeOXHMHHeCKOTO COCTaBa nopoa OT HaJIHHHB HJIH OTCyTCTBHX B HHX 
CyJIB(J)HflHOH MHHepaJIH3aU,HH, HTO OTHeTJIHBO BHflHO Ha pHC. 10E H 10B, r^e 
noKa3aHBi MaccnBBi pa3Hoii CTeneHH py^OHOCHOcra: tohkh cocTaBOB hx nopofl 
o6pa3yiOT e^HHoe nojie Ha Bcex ^narpaMMax. 

3.3. ConocTaBJiemie reoxHMHHecKHx ocoSeHHocTeii pyzjoHocHbix HHTpy3HBOB 
pa3Hbix perHOHOB 

CpaBHeHHe reox hmmh ec kmx ocodeniiocTeH pyaonociiBix HHTpy3HBOB paaaHHiiBix 
perHOHOB Pocchh (Kapejio-KojiBCKoro, CeBepHoro 3a6aiiKajiBH, Boctohhoto CaaHa, 
Bcero 23 MaccnBa) CBnaeTejiBcrayeT 06 hx cxoacrae: Bee ohh oSjiaaaiOT 
ranHHHBiMH KOpOBBiMH cneKTpaMH pacnpeaeaeiiHH pejiKiix 3 jicmciitob b iiopoaax. 
Me>Kay tcm, yjiBTpa6a3HT-6a3HTOBBie MaccnBBi c aocTaTOHiioH pejiKMM coHeTaiineM 
THTaHOMarHeraTOBOTO h cyjiBcJiHanoro opyaeiieiiHa, TaKne KaK ^lOMTajieHCKHH Ha 
TaiiMBipe h Bhiichckhm b CBaSaincajiBe, paajiHHaiOTca npHHu,HnHajiBHO no 
reoxHMHnecKOMy cocTaBy nopofl: nepBBiH KpHCTajuiH30Bajica H3 hphmhthbhoh 
M arMBi, 6 jih3koh k ryzjHHXHHCKOH no pacupeaeaeiiHio pearax h paaooaKTOBiiBix 
ajieMeHTOB, b to BpeMH KaK BTOpOH 6 biji ccJiopMHpOBaH H3 oSoramerairo pacnjiaBa, 
aHajiorHHHoro no cbohm xapaKTepHCTHKaM k 11 m>k 11eTaji11axc kom y rany. 

rJIABA 4. B3AHMOOTHOUIEHHH JIAB H PY/JOHOCHBIX MACCHBOB 

Bonpoc O KOMamaraHHOCTH HHTpy3HBHBIX nopoa H ByjncaHHTOB B HopHJIBCKOM 
paiiOHe no^HHMajica Heo^HOKparao, ho 30 chx nop He nojiynHJi OKOHnaTejiBHoro 
penicillin. OaiiH HCCJie^OBaTejiH nponoji/KaiOT BBinejiHTB ByjiKaHO-njiyroHHnecKHe 
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cjDOpMaiiHH (Duzhikov et al.,1992; PaabKO, 2009; Keays, Lightfoot, 2010), apyrne 
paccMaTpHBaiOT MaccHBbi HOpHJibCKoro KOMnneKca b KanecTBe npOH3BoaHoii 
caMOCToaTeubHOH MarMbi (JlHxaneB, 2006; Maann, 2010). 

4.1.reojiorHHecKHe B3aHM00TH0iueHim Meacay JiaBaMH h HHTpy3HBaMH 
HOpHJibCKoro KOMIUieKCa 

pcmenna 3Toro Bonpoca b KanecTBe raaBHoro oObCKTa nayHennH 6 biJia 
Bbiopana HopHJibCKaa Myabaa, b npeaeaax KOTOpoii HHTpy3HBHbie oSpaaoBanna c 
BKpanneHHbiMH hjih cnaomHbiMH pyaaMH (iviecTopo'/Kaenna HopHJibCK-1, 
MacnoBCKoe, HepHoropCKHH, HopHJibCK-2), aoKaarooBaHbi MaxcHMajibHO bbicoko 
cpean ByjiKaHoreHHbix nopoa — b cpeanen nacTn pa3pe3a TycJio-aaBOBon tojiiu,h. B 
apyrnx nnHKaTHBHbix CTpyKTypax paiiOHa noaoOnbie MaccHBbi cocpeaoTonenbi 
npeHMymecTBeHHO b ocaaoHHbix OTHO/Kcnnax aeBona, noacTHaaiomHx ByaKaH htbi 
(XapaeaaxcKHH h TaaHaxcKHH nHTpy 3 HBbi b XapaeaaxcKon Myabae; Boaoronano- 
IlaCHHCKHH HHTpy3HB B BoaOrOHaHCKOH Myab^e), n03TOMy npOBOflHTb HX 
conocTaBaeHHe c aaBaMH 3HaaHTeabHO TpyaHee. Baaciioe 3HaHemie HMeeT h tot 
(J)aKT, hto b CTpoeHHH Hophhbckoh Myab^bi npHHHMaiOT ynacane nopoabi Bcex 
cbht, Hcnoab3yeMbix b Moaeabiibix nocTpoennax pa3Hbix aBTOpOB (ryaHnxnncKon, 
TyKaoHCKoii, HaaeacaHHCKoii h MOpOHTOBCKOii), hto no3BoaaeT aeTaabHO 
paccMOTpeTb Bonpoc 06 hx poan b o6pa30BaHHH pya. 

B KanecTBe onopHbix 6bljih Bbiopanbi CKBaacHHbi OM-6 h OM-25, b nocaeaHeii 
H3 hhx cpean ByaKaHHTOB npHcyTCTByeT cnaa HOpHabCKoro KOMnaeKca - anocfiroa 
MacaoBCKoro HHTpy3HBa, coaepacaipero SoraToe npoacnaKOBO- BKpanaeHHoe Cu-Ni 
opyaeHeHHe. HecMOTpa Ha Hedoabinyio moih,hoctb (12 m), cnaa OTneTaHBO 
aH(J)(J)epeHu,HpOBaH ot oaHBHHOBbix ra66po-aoaepHTOB ao aeiiKora66po. ,Z],aa 
apryMeHTHpOBaHHoro OTHeceHHa ero k HOpnabCKOMy KOMnaeKcy 6biaH niynenbi 
cocTaBbi nopoa, KOTOpbie OKa3aaHCb HaeHTHHHbi TaxoBbiM MaccHBa HopnabCK 1. 

B pa3pe3e BMemaiomHx cnaa ByaKaHHTOB 6bian HHaeHTHcf)Hu,HpOBaHHbi 8 cbht 
(KpHBoaypKaa, PyaaKOBa, 2009), h ycTaHOBaeHO, hto aaHHaa anocf)H3a npopbiBaeT 
nopoati HHacHeil nacra HaaeacaHHCKoii cbhtbi, OTaHHaiomneca bbicokhm La/Sm 
OTHomeHHeM, h HH3KHMH KOHu,eHTpau,HaMH Cu h Ni (Lightfoot et al., 1990; pnc.l 1). 
TaKHM o6pa30M, MacaoBCKHH HHTpy3HB, a caeaoBaTeabHO, h conocTaBHMbie c hhm 
ocTaabHbie pyaoHOCHbie HHTpy3HBbi, Bneapnancb nocae niananna paHHHx noTOKOB 
6a3aabTOB nd cbhtbi. BnoaHe BepoaTHO, hto ohh (JiopMHpOBaaHCb h b 6oaee 
no3aHee BpeMa - nocTMOpOHTOBCKoe, nocKoabKy hbmh Ha n-Be KaMeHHOM ( 03 . 
JIaMa) oSHapyaceHa aaiiKa (6e3pyaHaa), no bccm reoxHMHnecKHM ocoSeHHOCTaM 
(coaepacaHHio MgO = 8,92, Ti0 2 = 0.81 Mac.% h peaKHx aaeivieHTOB) Saroxaa k 
nopoaaM HOpHabCKoro KOMnaeKca h npopbiBaiomaa 6a3aabTbi mr cbhtbi. 
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Ta6jiHn,a 1. HsyneHHBie HHTpy3HBBi HopHJiBCKoro paiiOHa (cm. pHC.l) 


KoMnneKc 

Tun 

PydonocHocmb 

Humpy3U6 (cm.) 

/(aaaBiKan- 

CKHH 


BeipyanBie 

1. ^(ajiflBiKaHCKHH (xop. o6h.) 

2. MaccHB p. BajieK (xop. o6h.) 

MopOHroB- 

CKHH 


Cjia6o opyaenejiBie 

3.MopOHroBCKHH (xop. o6h.) 

HopHJIBCKHH 

HopHJIB¬ 

CKHH 

1. YHHKaJIBHBie 
MecTOpojK^eHHa 

4. XapaejiaxcKHH (TT-21, K3-456, 
KC-56) 

5. TajiHaxcKHH (OYr-2, 30-12) 

6. HopHJiBCK 1 (r-22, MC-31, MH- 

7. KapBep MeflBe^KHH PyHeii) 



2. Cpe^HHe h 

MejiKne 

MecTOpojK^eHHa 

7. HepHoropCKHH (H-55, Mn-26) 

8. CeBepo-MacjiOBCKHH (OM-4), 

9. K)5KHO-MacjiOBCKHH (OM-24) 

10. HopHJiBCK 2 (MH-18, KOp.oSH.) 



3. Gna6o 
opyaeneaBie hjih 
oeipyanbie 

MaCCHBBI 

11. MoKHanraHHCKiiH (M/(- 
48/1200) 

12. MaccHB ckb. M,Z],-57/1200 

13. MaccHB ckb. M/1-50/1000 


3y6oB- 

CKHH 

l.KpynHBie 

MecT0p05K^eHHa 

14. K)5KHO-nacHHCKHii(OB-36,HB- 
12) 

15. BojioroHaHCKHH (OB-29) 



2.MejiKne 

MecT0p05K^eHHa 

16. 3y6-MapKHieiiflepCKHH (Mn- 
34) 

17. r. BojiBHiaa EapBepHaa (MH-38) 


HH’/Kiie- 

TajiHax- 

CKHH 

PyaonpoHBJiemifl 
hjih oespyaiibie 

MaCCHBBI 

18. Hn>KHe-TajiHaxcKHH (Tr-31, 
30-15. 

19. 3ejieHorpHBCKHH (0-233) 

20. MaCCHBBI Ookhhckoh nJIOIH,aflH 
(0-230/790; 0-225) 


Kpyrjio- 

rOpCKHH 

Cjia6o pyaeneabie, 
oeipyanbie 

2 1. Hh’/KIIHM CHJIJI HopHJiBCK 1 
(pyAHHK MP), MaccHB ckb.BT-4 

OroHepCKHH 


Ee3pyflHBie 

22. OroHepCKHH (kop.o6h.) 

23. MaccHB ckb. OB-36/466 

EpraaaxcKHH 


Ee3pyflHBie 

24. BT-2 



OpyaeneabiH 

^lOMTajieiiCKHH (Jin-1) 

? 


Ee3pyflHBie 

25 -27 t.h. 4180,2309,490 

28 - M7KK-1, 2 

29. M/J-57/300 

30. /JaiiKH 03. JIaMa (n-OB 
KaMeHHBIH.) 
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2 TMn - Hii>KHeTaJiHaxcKMM (nd) - 3 MaccMBa 


3TMn - HopM/ibCKMM (mr-sm) 
> 30 MacckiBOB 



1 Tun - fliOMTa/ieMCKMM (gd) - 2 MaccMBa 
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Phc. 9.C naH/iep-^HarpaM mli rjiaBHbix thiiob HHTpy3HBHbix nopoa. 
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— Eo/ibwaa Eapbepnaa 

♦ Hnx<He-Ta/iHaxcKMti Tun (0-225) 

♦ 3e/ieHorpMBCKMii (0-233) 

♦ MopOHrOBCKMil 

♦ Hn>«He-Ta/iHaxcKMki 

-+ - A 


: ■ 

flK>MTa/ieHCKHM Tun 


> 


0.3 


0.9 (Nb/La)n 1.2 


Phc. 10. 

,Z],HarpaMMBi ana 
HHTpy3HBHBIX 

nopofl 

(KpacHBie siiaHKH - 
MaCCHBBI 
c SoraTtiMH 
MecTOpoac^eHHaMH, 
CHHHe h 3ejieHBie - 
caa6o opyaeHejiBie) 
B) 
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B03M0'/KII0, HTO pyAOHOCHLie HHTpy3HBLI BHe^pHJlHCB Ha'/KC nOCJie (J)OpMHpOBaHHa 
Been Ty(j)o-aaBOBOH tojhh,h, nocKOJibKy nacTb H30Tonnbix namibix no nupKonaivi H3 
XapaenaxcKoro MaccnBa flaeT B03pacT 220 mjih. neT (Malich et al., 2010). 
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Pnc. 11. nonoacemie cmma HOpHJibcicoro KOMnneicca cpe^n 
nopofl Ty4)o-JiaBOBOH tojhh,h (cneBa) n H3MeHeHne La/Sm 
OTHOineHHa n KOHu,eHTpan,HH Cu n Ni b hcm h BMemaiomHx ero 
6a3anbTax (cnpaBa) 

YcjiOBHbie o6o3HaneHna: 1 - acjmpoBbie 6a3ajibTbi, 2-6 - 
ra66po-^onepHTbi: 2- KOHTaKTOBbie, 3- ojinBHHOBbie, 4- 
nnKpHTOBbie, 5 - 6e30JiHBHH0Bbie, 6 - 0JiHBHHC0flep5Kam,He; 6 -7 
-8 -tohkh, OTBenaiomne 3HaneHnaM b: 7 - 6a3anbTax, 8 - 
ra66po-AQJiepHTax 


4.2. ConocTaBJiemte reoxHMMHecKHx ocoOeHHocTeii Jiae h HHTpy3HBOB 
HopMJibCKoro KOMnjieKca 

OTcyrcTBne kom ar mbthhiiocth MOK^y pyaonociibiMH MaccnBaMH n nopoaaiviM 
ryflHHXHHCKon, TyKJiOHCKon h Hafle>KAHHCKOH cbht o^H03HaHHO onpeflejiaeTca, BO- 
nepBbix, npopbiBaHneM HHTpy3 HBbmh MacnoBCKHM n HopnjibCK 2 ByjncaHHTOB 
yKa3aHHbix cbht, a bo-btopbix, pa3JinnnaMH b hx re oxhmhh e ckom h MHHepajibHOM 
cocTaBe, hto OTpaaceHO Ha pnc. 12. OcTaeTca npeflnojioaceHHe o cbh3h HHTpy3HBOB c 
nopOflaMH MOpOHTOBCKOH CBHTbi (Pa^bKO, 1991; Li et al., 2009). TnaBHbiM 
KOHTpapryMeHTOM npoTHB ototo noao'/Kenua aBjiaeTca cymecTBeinio 6ojiee BbicoKaa 
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cpeflHeB3BemeHHaa MarHe3nanbH0CTb nHTpy3HB0B HOpnnbCKoro KOMnneicca no 
cpaBHemno c naBaMH (10-12 no cpaBHemno c 6-7 Mac. % MgO, pnc.13), He 
no3Bonaiomaa nanpaiviyio conocTaBHTb oth oSpaaoBanna. B xanecTBe pemenna 



MgO, iviac.% 24 0.703 0.708 


Pnc. 12 ^narpaMMbi Ti02 - MgO n £ N(J ana m ar mbthh e ckhx nopoa panoHa 

(no aamibiM aBTOpa) 

3Toro npoTHBOpenna bo3hhkjio npeanononcemie o nojraon OTcaaKe ojiHBHHa H3 
MOpOHroBCKon MarMbi npn ee aBnacemm k noBepxHOCTH b KOJieHOo6pa3Hbix 
H3rn6ax nonBonn nm x KaHanoB (b coBpeMeHHbix HHTpy3HBHbix k awe pax). OaHaico b 
npnpoae cymecTByiOT n cySBepTHKajibHbie TpemnHbi, npeacTaBnaiounie co6on 
acepJiOBbie nacra ByjiKaHOB, rae otot nponecc He aonaceH hmctb MecTO (HanpnMep, b 
BepxoBbax p. K). Hkoh h ap-X ho nopoati noBbiuieHHon Marae3HajibHOCTH TaM 
Taicace OTcyTCTByiOT. H, HaKOHeu,, reox h m n hcckhc xapaKTepncTHKH mr n 
Bbimeneacamnx cbht - eNd (Fedorenko et al., 1996; Lightfoot et al., 1993; Wooden 
et al., 1993) n, ocoSemio, rooTonHbin cocTaB cepbi (Grinenko, 1985; Ripley et al., 
2003, 2010; - 5 34 S = 1-5 b 6a3ajibTax n ao 18 %0 b HHTpy3HBax) - cymecTBemio 
OTnnnaiOTca ot aiianornmibix napaMeTpOB ana pyaoHOCHbix HHTpy3HBOB. Bee 
CKa3aHHoe Bbime no3BOJiaeT caenaTb BbiBoa o tom, hto pyaoHOCHbie HHTpy3HBbi 
HanpaMyio He CBa3aHbi c naBaMH, a 6biJin o6pa30BaHbi b pe3ynbTaTe 
caMOCToaTenbHoro m ar m ara h e ck o r o HMnyjibca b nocneHaaeacanHCKoe BpeMa. 

rJIABA 5.COCTABBI HCXO^HBIX PACIIJIABOB HHTPY3HBOB 

Pa3Jinnna b oneiiKe pojin MarM b pyaoo6pa30BaHnn bo mho tom odycnoBneHbi 
MeToaHnecKHMn noaxoaaMH, npnMeHaeMbiMn ana onpeaenemia ncxoaHbix cocTaBOB 
pacnnaBOB HHTpy3HBOB n naB. ,3,0 cnx nop b HopnjibCKOM panoHe ohh 
paccHMTbiBanner rar cpeaHeB3BemeHHbie ana OTaenbHbix HHTpy3HBHbix Ten 
(X(HenpoBCKaa n ap-, 1987), nn6o ace napannenn30Banncb c: 1) mncpHTOBbiMH 
6a3anbTaMH n nnKpnTOBbiMH ra66po-aonepHTaMH nnn 2) ra66po-aonepHTaMH 
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Sokoblix chjijiob pyaoHOCHbix MaccHBOB (3oaoTyxHH h ap., 1986; PabOB H flp., 
2000; Naldrett, 1992). Oanaxo nepBBie HBaaiOTca k y m y a a t n b n b i m n o 6 p ai o b a n n a m n , 
a CBa3B nocaeflHHx c HHTpy3HB 3mh He Bceraa naae>xno ycTanoBaena. 

HaMH aaa onpeaeaenna cocTaBOB pacnaaBOB paaa MaccHBOB Hopnabcxoro 
pyaHoro paiiOHa bbian Hcnoab30BaHBi apyrne MeToati: 1) HenocpeacTBemioe 
H3MepeHHe cocTaBOB npHpo^HO nan 3KcnepHMeHTaabHO 3aicaaeHHBix CTexoa b 
oaHBHHax h nHpOKceHax ra66po-aoaepHTOB; 2) no pe3yabTaTaM reox n m n h ec ko n 
TepMOMeTpHH c Hcnoab30BaHHeM 3BM-MoaeaH «KOMArMAT-3.5». 

5.1. PacnaaBHbie BKaioHeHHH 

IlepBBie aamibie no m a r m ara h e ckhm BxaiowennaM b HOpnabCKnx HHTpy3HBax 
6bian noayneHbi b 70-bie roati 20 Bexa (EyaraxoBa, 1971; EyaraxoBa, PaboB, 1972; 
BoppenHeB, 1978), oaHaxo annapaTypHbie bo3mo>xhocth He no3Boanan Toraa 
onpeaeaHTb cocTaBbi CTexoa b paHHnx anxBHaycHbix c[)a3ax. CoBpeMeHHbie 
nccaeaoBanna Cnbnpcxnx TpannoB xacaiOTca ripen iviymecTBenno meaoHiibix n 
cyomcaoHiibix nopoa npOBHHu,HH (CoboaeB, Cayipam, 1984; Ryabchikov et al., 
2001, PaSnnxoB n ap-, 2009; CoboaeB n ap., 2009). HaMH bbian BnepBbie 
HceaeaoBaHbi cocTaBbi m a r m am h e ck n x BKaionennn b oaHBHHax H3 nopoa raaBHoro 
3Tana TpannoBoro MarMam3Ma: pyaoHOCHbix (TaaHaxcxHH, XapaeaaxcxHH, 
CeBepo-MaeaoBCXHH h Hopnabcx 1) h 6e3pyaHbix (Hnaaie-Taauaxcxnn, 
3eaeHorpHBCXHH) MaccHBOB (KpHBoaypxaa, CoboaeB, 2001).B oaHBHHax 
o6napy>xenbi caeayiomne xnribi m a r m ara h e c k n x Bxaionennn (c})nr. 13): 

Phc. 13. PacnaaBHbie 
BKaionenna b oaHBHHax 
nnxpHTOBbix rabbpo- 
aoaepHTOB Hopnabcxoro 
xoMnaexca: 1 -3 — 
HaCTHHHO 

paexpHCTaaaH30BaHHbie, 
4 - noaHOCTbio 
paexpHCTaaaH30BaHHoe. 
YcaoBHbie obo3HaneHHa: 
Glass - CTexao, Opx - 
opTonHpoxceH, Ilm - 
HHbMeHHT, Bubble - 
ny3bipb 

1) pacnaaBHbie: CTexaoBaTbie (ra3 +CTexao) h paexpHCTaaaH30BaHHbie - Hacanmio 
(CTexao + ra3 + TBepaaa (jra3a - opTonHpoxceH, aMcfinboa, nabMeHHT, anaTHT) h 
noaHOCTbio; 2) xpHCTaaaHneexHe (naarnoxaas, nHpoxceHbi, xpoiviiunnneanabi, 
anaTHT); 3) cjiaionanbie h 4) k o m 6nnnp o b annbi e (TBepaaa cjiaaa + pacnaaB nan 
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(JmiOHfl). Paaibie thuli BKnionennn Hcnoab30BaaHCb HaMH ana ou,eHKn cocTaBOB 
MarM h ycaoBHH hx KpHCTajiJiH3au,HH: pacnaaBHBie pacKpHCTannH30BaHHbie - ana 
onpeaenenna cocTaBOB ncxoanbix pacnnaBOB; CTeKnoBaTbie h ejimonanbie - ana 
ycTanoBnenna cone paean na neTynnx KOMnoHeHTOB; KpHCTanannecKHe - ana 
onpeaenenna f G2 . 

PacKpHCTaaaH30BaHHbie BKnionenna narpeBanncb ao Tna nocneanero 
MHHepaaa-y3HHKa h 3aKaaHBaaHCb. B 6oabmnHCTBe onbiTOB aocTHniyTa HacTnwnaa 
roMorennaanna (pacnaaB + (Jinionn). OaHOpoaHOCTb noayHennbix 

3KcnepHMeHTaabHO caeKoa npOBepaaacb nyreM onpeaenenna hx cocTaBOB b 
HecKoabKHx TOHKax. H3MepeHHbie cocTaBbi (HanpHMep, ana Tnnnnnoro oaHBHHa 
Fo 78 H3 nHKpHTOBbix ra66po-aoaepHTOB coaepncaHHa raaBHbix komhohchtob 
cocTaBaaaH, Mac.%: Si0 2 -51.98, Ti0 2 -1.19, A1 2 0 3 -16.93, FeO -8.83, MnO-O.28, 
MgO-7.00, CaO-10.07, Na 2 0-1.79, K 2 O-0.68, P 2 0 5 -0.02) nepecwrbiBanHCb ao 
paBHOBecna c oaHBHHOM-xo3aHHOM no nporpaMMe “IlETPOJIOr-2”(Danushevsky, 
2000). CoraacHO pacneTaM, aeTynecTb Kncnopoaa npn KpHCTannroaiiHH MarM 
cocTaBaaaa lgf 02 = -7.4...-7.5, T.e. BapbHpOBaaa oxoao 6y(j)epa NNO ± 0,5 (npn 
T r0M = 1210-1260°C). 

^aa BKaioneiiMH H3 oanBHHOB nHKpHTOBbix ra66po-aoaepHTOB ycTaHOBaeH 
cymecTBeHHbiii pa36poc coaepncaHHH MgO (ot 3 ao 11 Mac. %), OTpancaiomHH 
cj)paKii,HOHHpOBaHHe pacnaaBa npn KpHCTaaan3au,HH. CaeayeT otmcthtb, hto 
KOHii,eHTpau,HH xaopa bo BKnionennax HH3KHe h 3aBncaT ot coaepncaHHH xaana, ohh 
6an3KH aaa pyaoHOCHbix h 6e3pyaHbix MaccHBOB h aocTHraiOT 0.2 Mac.%. 3to ace 
m one no CKa3aTb h o coaep'/Kannax Boari, KOTOpbie He npeBbiuiaiOT 1 Mac.% b 
oaHBHHax cocTaBa Fo 7 6 (b ncxoaHOM pacnaaBe ohh cocTaBaaan 0.5-0.8 Mac.%). 
IIoBbiHieHHbie conepncanna HBCTiibix MeTaaaoB b pacnaaBax He o6napy>Kenbi. 

KpHBbie pacnpeaeaeHHa aneMeHTOB-npHMeceH H3 BKmoneHHH b oaHBHHax, 
HOpMaaH30BaHHbie no OTHonieHHio k hphmhthbhoh MaHTHH, pa3aeaaiOTca Ha nsa 
THna: 1) 6aH3KHe no xapaKTepy k KpHBbiM, nonywennbiM no nopoaaivi (MaccHBbi 
3eaeHorpHBCKHH h HnacHe-TaanaxcKHii) h 2) OTannaiomHeca ot hhx 6oaee 
BbICOKHMH KOHU,eHTpail,HaMH BCeX peaKHX 3aeMeHTOB (HHTpy3HBbI TaaHaXCKHH, 
XapaeaaxcKHH, MacaoBCKHH h HopnabCK 1, T.e. pyaoHOCHbie - pnc. 14). 
Ananomnnan KapTHHa naSnionaeTca h npn paccMOTpeHHH cneKTpOB pacnpeaeaeHHa 
peaKHX 3aeMeiiTOB, noayHennbix aaa pacnaaBHbix BKaionennn b nHpOKceHax 
lOacHO-MacaoBCKoro HHTpy3HBa, b nopoaax KOTOporo stot MHHepaa aBaaeTca 
TaK’/Ke paHHeii anKBnaycHOH cjiaaon (pnc. 15). 

HaHSoabiHHH HHTepec H3 KpHCTannHnecKHx BKmoneHHH npeacTaBaaiOT 
xpOMHinnHeanabi, cocTaB KOTOpbix (b paBHOBecnn c oanBHHOM h opTonHpOKceHOM) 
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no3BOJiaeT cyflHTb o f0 2 KHCJiopoaa b pacnnaBe. Cpean okch^ob npeoSnaaaeT 


Phc. 14.CneKTpBi 
pacnpeaeaenna peaxnx 
3JieMeHTOB b paciuiaBHBix 
BKJIIOHeHHflX B OJIHBHHaX H3 
nHKpHTOBBix ra66po- 
AOJiepHTOB MeCTOpOJKfleHHa 
HopHJIbCK 1 

Kpacnaa jihhhh - cneicrp 
nopoabi 


xpOMMaraeTHT, npHHCM no cocTaBy chjibho OTJinnaiOTca MHHepajibi H3 paaaHmibix 
HHTpy3HBOB. XpoMiiin[i[ieaH3hi H3 nnKpHTOBbix raSSpo-aonepHTOB TaimaxcKoro, 
HManraHiiCKoro, HopnjibCK 1 MaccnBOB aBJHHOTca HanSonee xpomhctbimh: Cr# 
Cr/(A1+Cr) = 0.77-0.81, b to Bpeivia Rax nH/KneTaanaxcKne okcmhbi oSaaaaiOT 

Pnc. 15. 
PacnnaBHbie 
BKJnoneHna b 
nnpOKceHax 
K)>xno- 
MacaoBCKoro 
HHTpy3HBa 
(4)oto b BSE) 

(6enoe - cxeaeTHbie KpHCTamibi MameTHTa, cepoe - nnpOKceH, TeMHO-cepoe - 
njiarnoKJia3) 

3HannTejibHO 6onee hh3khm noxa3aTejieM: 0.46-0.57. CneayeT otmcthtb oneHb 
BbicoKne coaepJKaHna THTaHa (ao 6.77 Mac. %) b mnnHejinaax TajiHaxcicoro 
HHTpy3HBa, Ha OCHOBaHHH Hero HX M05RH0 OTHeCTH K THTaHOXpOMHTaM. 
PaccHHTaHHbie 3HaneHHa (jiyrHTHBHOCTH KHCJiopoaa (Baullhous, 1991) npn 
KpHCTaJIJIH3aU,HH MaTM, C(|)OpMHpOBaBHIHX pa3Hbie HHTpy3HBbI, COCTaBJHHOT (lgf’ 02 ): 
TanHaxcKHH-7.5 , HopnjibCK 1 -7.8, HepHoropcxHH -6.3, HnixHe-TajiHaxcRHH - 4.2, 
T.e. pyaoHOCHbie HHTpy3HBbi xapaKTepH3yiOTca 6ojiee BOCCTaHOBHTejibHbiMH 
ycnoBHaMH (J) 0 p mh poBanna. 
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5.2. Oiiemca cocTanoB pacnaaeoB no pe3yjibTaTaM reoxHMHHecKoii 
TepMOMeTpnn c ncnojib30BaHneM 3BM-M0^ejin KOMArMAT-3,5 

6biJia BtmojiHeHa TanHaxcKoro MaccnBa. Onpe^eneHne c[)a30Boro cocTaBa h 
T eMnepaTypBi hcxoahoh MarMBi mctohom reox hmhhcckoh TepMOMeTpHH ocHOBaHO 
Ha npe,nnono>KeHHH o BHe^pemiH b KaMepy KpHCTajuiH3au,HH pacnjiaBa c ^ojieii 
B3BemeHHBix KpHCTaaaoB (Aphckhh, BapMHHa, 2000). B paMKax 3 toh MO^eaH 
BnepBtie npo^CMOHCTpHpOBaHa bo3mo>khoctb (jiopMHpOBaHHa BHyrpeHHeii 
CTpyKTypBi HHTpy3HBa b pe3yjibTaTe KpHCTaaaH3aii,HOHHOH an cjxjiepei miiami m 
(K pHBOJiypKaa h ap., 2001). PaHee b KanecTBe riiaBHoro apryMeHTa npOTHB 3 toh 
rHnoTe3Bi npHBoanaca cjiaKT HecooTBeTCTBHa cocTaBa 30H 3aicaaKH h 
cpeflHeB3BeuieHHoro cocTaBa HHTpy3HBa (oTaHaaiomeroca noBBiuieHHOH 
MarHe3HajibHOCTBK) no cpaBHemno c koi iTaKTO blimh r a 6 6 p o - a o a e p m Ta mh - MgO = 
10-12 h 7-8 Mac. % cooTBeTCTBeHHo). npoBe^eHHBie pacaeTbi 
npo^eMOHCTpHpOBajiH cxo^CTBO BBiHHcaeHHoro xHMHnecKoro cocTaBa pacnaaBa h 
cocTaBa KOHTaKTOBBix ra66po-aoaepHTOB, yaHTbiBaa Haanane BKpanaeHHHKOB 
oaHBHHa (h naarnoKaaaa) b hcxo^hoh MarMe. CocTaB pacnaaBa OTBenaa 
ToaenTOBBiM c|)eppo6a3aabTaM c HecicoabKO noBBmieHHBiMH k o n u e n t p a u n a mh MgO 
(7-8.5 Mac. %) h meaoaeH, ocoSemio K 2 0, h 6aH30K k ToaenTOBBiM 6a3aaBTaM 
MOpOHroBCKOH h MOKyaaeBCKOH cbht. noayaeHHbie pacneTHtie aaHHbie xopouio 
coraacyiOTca c npupoanbiiviM aamibiMn: cocTaBbi h n Tp btc a a y p h h e ck h x (J)a3 
cooTBeTCTByiOT H3MepeHHbiM cocTaBaM oaHBHHOB h naarnoKaa30B (01 - Fogo ± 1.0; 
PI - An 80 ± 1.5), a TeMnepaTypa KpHCTaaaroapHH 6aH3Ka k noayHeniibiM 
TeMnepaTypaM roMoreHH3au,HH pacnaaBHbix bkhiohciimm (1180-1210°C). CaeayeT 
noflaepKHyTb, hto cxo^ctbo noayaeHO ToabKO axa pacnaaBOB, a b peaoM cocTaB 
MarMbi (pacnaaB + ra3 + TBepaaa (jiaaa), cc{)op mh p ob a b ine h HHTpy3HB, 6bia 6oaee 
MarHe3naabHbiM, hcm cocTaB ncxoanoM MarMbi aaa BbmieHa3BaHHbix cbht. 

5.3. <DaH)H/IHbIH peiKHM 

OflHHM H3 ycaoBHH oopasoBaiiHH cynepKOHu,eHTpau,HH MeTaaaoB b npoayKTax 
rHnep6a3HT-6a3HTOBbix MarM nepeaKO npnaiacTca cymecTBOBaHHe ocoOoro 
cjiaiOHanoro peacHMa. Oanaro npn 3tom cocTaB cJiaionaoB npeanoaaraeTca 
coBepmeHHO pa3HbiH. CoraacHO npeacTaBaeHHaM o^hhx aBTOpOB, ncxoaHbie 
pacnaaBbi 6bian o6orain,eHbi Boaoii h xaopOM (,Z],HCTaep h ap-, 1999), a apyrnx - 
MeTaHOM, cepOBoaopoaoM h ap- (AnaoHOB, 1995). Haea noBbimeHHoro coaepacamia 
BOflbi b pacnaaBax 6a3HpyeTca Ha HiyneiiMH KOHTaKTOBBix opeoaoB pyaonociibix 
HHTpy3HBOB (TypOBiieB, 2002), npeanoaoacHTeabHO o6pa30BaHHbix noa 
B03AeiiCTBHeM OTfleaHBHiHxca (JiaiOH^OB npn KpHCTaaaH3au,HH MarM, a xaopa - Ha 
ocHOBaHHH oSHapyaceHHa Pt-Pd coeaHHeHHH c As, Sb, Te, Se b pyaax, nepeHOC 
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KOTOpBIX B03M05KCH XJIOpHflHBIMH KOMIIJieKCaMH JlSi'ACQ npH HH3KHX TCMIiepaTypaX 

(Boudreau et al., 1986). ^pyraa Tonxa apeiiHH ocHOBaHa Ha pe3yjiBTaTax 
HCCJie^OBaHHH nopoa MeToaoM BaaoBOH xpOMaTorpac^HH, coraacHO xoTOpoii b 
npoueccax pyaocopaaoBanna npHHHMajiH yuacrae n p e m m y m e ct b e n n o 
BOCCTaHOBJieHHBie ra3Bi - H 2 , CH 4 , CO, N 2 h ap. (HepyueB, ITpacojiOB, 1995). Ho 
pe3ynBTaTBi rnyHenna (})aiOMnnbix BxaioneHHH b MHHepaaax TpannoBoii c})opMauHH 
(EyaraKOBa, 1971; Ryabchikov et al., 2001; PhShhxob h ap., 2004; CoSoaeB h ap., 
20091) CBH^eTejiBCTByiOT 06 hx BoaHO-yraexHcaoM cocTaBe. 

HaniH Hceae^OBaHHa noaTBepacaaiOT nocaeaHHH BBiBoa (Krivolutskaya et al., 
2001; KpHBOJiyu,Kaa h up., 2002). (PaiOManbie BKJuoueHHa b oaHBHHax nHKpHTOBBix 
ra66po-AOJiepHTOB cocTaBJiaiOT okojio 1-3 % ot o6mero oSueMa Bcex BKJuoueHHH. 
Hx pa3Mep oSbihho He npeBBimaeT nepBBix mhkpoh b anaivieTpe (ao 40 mkm), ohh 
ooaaaaiOT jih 6 o eJ)opiviOH OTpHpaTejiBHBix KpHCTaiuioB onHBHHa, jih 6 o ccj^epHuecKOH. 
Ha nepBOM 3Tane BKJuoueHHa 6 bijth noaBepniyrbi oxaa/xneniuo b xpHOxaMepe no T 
= -165...-190°C, hto He npHBejio k bh^hmbim H3MeHem«iM, CBHaeTeaBCTByiomHM o 
Hpe3BBIHailHO HH3KOH nJIOTHOCTH o6pa3yK>IH,HX HX (j)JIK)HflOB. BBinOJIHeHHBie 
npaMBie onpeaeaenna cocTaBOB ra30B bo c})aiOManbix BKaiOHennax c noiviOLHbio 
paMaHOBCKOH CneKTpOCKOnHH n03BOJIHJIH o6liapy'/KHTB TOHBKO HH3KHe 
KOHU,eHTpaU,HH H 2 0 H C0 2 B HX COCTaBe H nOaTBepUHTB, HTO TUKHe ra3BI xax 
Boaopoa, a30T H MeTaH OTcyrcTByiOT. 

npOBepxH apyroro cj)axTOpa, BBiaBHraeMoro b xauecTBe aoxa3aTeaBCTBa 
nOBBIHieHHOH (J)aiOHaOHaCbimenHOCTH HCXOaHBIX MarM, - MO TTT HBTX XOHTaXTOBBIX 
opeoaoB Boxpyr HHTpy3HBOB - 6biaa npOBeaeHa opeHxa cocTaBa Boa, 
yHaCTBOBaBHIHX B HX (J)OpMHpOBaHHH. C 3TOH U,eaBK) BBinOaHeHO H3yneHHe 
CTaOHHBHBIX H30TOnOB (O, H, C) B Ta66pO-aOaepHTaX pa3HBIX MaCCHBOB H BO 
BMemaioiHHx hx nopoaax (noxpOBCXHH h ap-, 2002, 2005). L(eHTpaaBHBie nacTH 
HHTpy3HBHBix Tea xapaxTepH3yiOTca h30tohhbim cocTaBOM xHcaopoaa 8 O = 5.5 
%o, THnHHHBIM naa Boa MarMaTHHecxoro npoMCxo/xaenMa, B TO BpeMH xax B oSaaCTH 
xoHTaxTa naoaioaaeTca yraaceaeHHe H30TonHoro cocTaBa ao 18 %o. noayHeHHoe 
pacnpeaeaeHHe 8 O He noaTBepacaaeT npeanoaoaceHHa o rnapOTepMaaBHOH 
nepepaSoTxe OKpy>xaiomMx nopoa noa B03aeiiCTBHeM m ar mbthh e c xhx cj)aK)HaoB, 
OTaeaHBHiHxca npH xpHCTaaaH3au,HH MarMBi. 3 to npoaeMOHCTpHpOBaHO Ha 
npHMepe HecxoaBxnx HHTpy3HBHBix Tea ( TaaHaxcxoro, 3eaeHorpHBCxoro, HnacHe- 
TaaHaxcxoro, Hopnabcxa 1). 06oraiu,eHHOCTB TaaceaxiM H30TonoM xncaopoaa 
3HaO- H 3X30XOHTaXTOBBIX 30H MaCCHBOB CBHaOTeaBCTByiOT 06 HX aXTHBHOH 
npopaOoTxe (xax nanooaee nponMuaeivibix ynacTxoB) MeTeopHBiMH, a He 
MamaTHHecxHMH BoaaMH. BoBaeueHHe MeTeopHBix Boa b npopeccBi, npOTexaiomne 
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Ha noc tm ar m aTH h e ckom 3Tane CTaHOBjieHHa HHTpy3HBOB, npeacTaBJiaeTca BnoaHe 
ecTecTBeHHBiM, nocKOJitKy BiieapeiiHe tbkhx orpOMHBix oSbcmob m ar mbthh e ckhx 
M acc, KOTOpBie HaSjuoaaiOTca Ha Ch6hpckoh njiaT(f)opMe, He Morjio He BtOBaTt. 
npHTOKa c|)aiOHKOB H3 BMeH],aK)H],HX IIOpOH H BOBJieneHHe HX B U,HpKyjiaU,HK). 

TJIABA 6. XHMHHECKHH H MHHEPAJIbHbffl COCTAB PVA 
MECTOPO^EHHH HOPHJIBCKOrO PY^HOrO Y3JIA 

6.1. CooTHomeHHH nojie3Hbix KOMnoHeHTOB b pyaax 

Flapaay c paccMOTpeHHBiM Bbirne BonpocoM o CBa3H tcoxhmhhcckhx 
ocooennocTCM HHTpy3HBOB c MacuxraSoM opyaenenna (raaBa 3), B03HHKaeT 
eCTeCTBeHHBIH BOnpOC O H3JIHHHH HJIH OTCyTCTBHH KOppCJiaiI,HH MOKfly COCTaBOM 
nopoa H XHMHHeCKHM H MHHepaJIBHBIM COCTaBOM 3aKJIK)HeHHBIX B HHX pyfl. HepeaKO 
Pt/Pd, Ni/Cu h apyrne OTHomemia MCTaaaoB b pyaax paecMaTpHBaiOTca kbk 
OT paaceHHe hcxo^hoto cocTaBa MarM pyaoHOCHbix KOMmieKCOB, ocodeHHO hx 
M arHe3HajibHOCTH. CpaBHHTeabHbiH aHaaH3 cpeaneB3Beujennbix cocTaBOB nopoa h 
BK panaeHHbix pya npOBeaeH aaa onopHbix CKBaacHH m e ct opoacaen hh HopnabCKoro 
pyaHoro y3Jia (Ta6a.2): OM-4 h OM-24 MacjiOBCKoro MecTOpoacaemia, 
BCKpblBaKDHIHe HHTpy3HBHbie nOpOabl MaKCHMaJIbHOH moiu,hocth (380 h 420 m) b 
eeBepHOH H KOKHOH HaCTaX COOTBeTCTBeHHO, H MC-3 1 MeCTOpOacaeHHa HopHKbCK 1 . 


Ta6jiHH,a 2.CpeaHeB3BemeHHbie eocTaBbi nopoa HOpHJibcicoro pyaHoro y3Jia 


MecTOpoacaeHHe 

Ckb. 

Si0 2 

Ti0 2 

ai 2 o 3 

FeO 

MnO 

MgO 

CaO 

Na 2 0 

C. MacjioBcicoe 

OM-4 

46.71 

0.70 

11.82 

12.66 

0.24 

16.68 

8.91 

1.75 

lO.MacaoBCKoe 

OM-24 

50.42 

1.42 

14.09 

13.17 

0.22 

7.65 

9.78 

2.44 

HopHJIbCK 1 

MC-31 

46.99 

0.91 

16.25 

11.67 

0.15 

11.90 

9.46 

1.94 

OKOHnaHHe TaSaHHbi 2 

CKBaacHHa, N° 

K 2 0 

P2O5 

Ni 

Cu 

Co 

Zn 

V 

Cr 

Ni:Cu 

OM-4 

0.42 

0.09 

1173 

1135 

107 

153 

248 

n/a 

1.03 

OM-24 

0.64 

0.17 

185 

184 

53 

70 

216 

n/a 

1.01 

MC-31 

0.52 

0.15 

311 

410 

59 

75 

181 

3217 

0.76 


npHMeaaHHe: coaepacamia okhcjiob aaHbi b Mac.%, ojicmchtob - b t/t. 


B pa3pe3e Ha ceBepe MacjiOBCKoro MecTOpoacaemia aoMHHHpyiOT 
BbicoKOMarHe3HajibHbie ra66po-aoJiepHTbi, cocTaBJiaa aee TpeTH ot ero moiu,hocth. 
lOacHoe HHTpy3HBHoe Tejio OTJiHaaeTca npHHu,HnHajibHO hhbim BHyrpeHHHM 
CTpoeHHeM: nHKpHTOBbie ra66po-aoJiepHTbi oSaaaaiOT oneiib nesnaHHTeabnoH 
MOHi,HOCTbK) (okojio 15 m), b to BpeMa Kax MOiu,HOCTb TaKCHTOBbix ra66po- 
aoaepHTOB b HHacHeii aacTH HHTpy3HBa cocTaBJiaeT 50 m. 3to OTpaacaeTca Ha 
cpeaHeB3BemeHHbix cocTaBax HHTpy3HBOB, cpeaHeB3BemeHHoe coaepacamie MgO b 
KOTOpbix OTHHaaeTca 6ojiee, hcm b 2 pa3a, cocTaBJiaa 16.68 h 7.65 Mac.% 
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cooTBeTCTBeHHO ana ceBepHoro h kukhoto Ten (Ta6ji.2). npOMencyrouHoe 3HaneHHe 
MgO=11.90 Mac.% xapaKTepHO ana HopHJiBCKa 1. Mencay TeM, Ni/Cu OTHomeHHe 
6jih3ko b paccMOTpeHHBix noponax nepBtix nsyx MaccHBOB, b to BpeMa kbk b 
iiocnenneivi Meab aance noMiumpyeT nan HHKeneM. Koppenauua Mencay Ni h MgO 
ycTaHaBJiHBaeTca tojibko npH hh3khx KOHu,eHTpau,Hax Ni (lO.MacjiOBCKHii 
HHTpy3HB, R =0.72), npH noBbimeHHH coaepncaHHH cynbcJiunoB b pyaax 3Ta 
3aBHCHMOCTb ocnaSeBaeT (R~=0.38 ana HopHnbcica 1). AHanornnHaa xapTHHa 
naonionaeTca h ana Co, nocKOJibicy npH hh3khx KOHu,eHTpau,Hax oh, Taicnce xax h 
HHKeJIb, BXOnHT B BHae H30M0p(jlH0H npHMCCH B OJIHBHH (174-206 ppHl, 
Krivolutskaya et al., 2011). Ho ana Mean, nepepacnpeaenaiomeHca b ochobhom b 
cyjibcf)HaHbiH pacnnaB npH OTneneiuiM ero ot CHJiHKaTHoro, Taicne 3aKOHOMepHOCTH 
OTcyTCTByiOT. MaKCHMajibHbie niaHeima Ni/Cu OTHomeHHa b pyaax HopHJiBCKa 1 h 
CeBepHoro MacnoBCKoro MecTOponcaemia aocTuraiOT 16, b to BpeMa kbk b 
SoJIbHIHHCTBe o6pa3H,OB H3 lOaCHOTO MaCJIOBCKOTO MeCTOpO/Kaenua Cu aOMHHHpyeT 

Haa Ni (Ni/Cu<l). 

Pd/Pt cooTHomeHHe b pyaax oolihiio KoneoneTca okojio 3, hto TunuHiio h ana 
HopHJibCKal, h ana CeBepHoro MacnoBCKoro MecTOponcaeHHH (rae oho aocraraeT 
5-6). B pyaax JOncHO-MacnoBCicoro HHTpy3HBa oho cmincaeTca nonra ao 1, xoTa 
npH hh3koh MarHe3HajTBHOCTH cnaraiomHx ero nopoa cneaoBano 6bi oacnaaTb 
yBenHHeHHa Pd/Pt OTHomeHHa. 

6.2. MHHepajibHbiii cocTae pya 

XnMHHecKHe oeoSeHHOCTH pya HaxoanT CBoe orpaaceHHe b hx MHHepanbHOM 
cocTaBe: 6nH3KHe cooTHomemia pbcthbix MeTannoB CBHaeTenbCTByiOT o npHMepHO 
paBHbix KOJiHuecTBax rnaBHbie pyaoo6pa3yiOHi,Hx cynbcJninoB b hhx. HaMOonbiuMii 

Ta6jiHH,a 3. rnaBHbie MHHepanbi Snaropoanbix MeTannoB MecTOponcaemrii 


HopHnbCKoro pyaHoro y3na (b nopaaxe pacnpocTpaHeHHOCTH) 


CeBepHoe 

MaenoBCKoe 

lOacHoe 

MaenoBCKoe 

HopnnbCK 1 

3BarHHii,eBHT 

Au-Ag cnnaBbi 

Fe-Pt cnnaBbi 

Fe-Pt cnnaBbi 

Fe-Pt cnnaBbi 

Atokht- 


CneppHnHT 

PycTeHSyprHT 

Atokht- 


(Pd, Pt) 5 (Sb, Sn, 

PycTeHSyprHT 


As, Pb) 2 

KoTynbCKHT 


KoTynbCKHT 

MOHHeHT 


CoSoneBCKHT 

CneppHnHT 


CneppHnHT 


HHTepec Bbi3biBaiOT peaKHe MHHepanbi, ocooeiuio MHHepanbi Snaropoanbix 
MeTannoB, nocKonbKy hmchho no hhm HanSonee OTHemHBO BbiaBnaiOTca 
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xapaKTepiibie ocoSemiocTH OTaeabiibix m e cto po> k aen hh. OTJiHHHTejibHaa nepTa 
ceBepHoro HHTpy3HBHoro Teaa MacaoBCKoro MecTOpojK^eHHa - oShjihc MHHepanoB 


imaTHHOBOH rpynnbi bo BKpanaemibix pyzjax, cKoruiemni KOTOpbix nacTO bh^hbi 
HeBOOpy>KeHHbiM rjia30M. Cpean hhx npeoSaaaaiOT MHHepajibi rpynnbi aTOKHTa- 
pycTenSyprHTa, a cpean xanbKonnpnTa, oco6einio b npomuncax n muiax, 
flOMHHHpyeT 3BarnHn,eBHT (Ta6n.3). ITo MHHepanbHOMy cocTaBy pyubi CeBepHoro 
MacnoBCKoro MecTOpOKnemia 6jih3kh k TaxoBbiM HopnnbCKa 1, xoth HeKOTOpbie 
OTJinnna ycTaHOBJieHbi: 6onee innpoKoe pacnpocTpaHeHne b hhx 3BarnHu,eBHTa, 



Pnc. 16. KapTbi pacnpeaeaeiiHa ruaBHbix n npnMecHbix 3JieMeHTOB b 
pyflOo6pa3yK>mnx cyjibcjiHflax CeBepHoro MacnoBCKoro MecTopojK^eHHa (LA-ICP- 
MS). lIlKajia - 300 mkm. Po-nnppoTHH, Cp —xajibKonnpnT, Pn-neHTJiaHflHT 


HajiHHHe caMOpOflHoro najuiaana h paaa peaKHx Pd c[)a3, OTpa>Kaiom[ie 

cymecTBeHHoe npeoSaananHe Pd nan Pt. Hnaa rapTHiia iiaSaionaeTca b pyzjax 

IO>KHoro MacnoBCKoro MecTOpo>K,neHHa, r^e npeHMymecTBeHHO BcrpenaiOTca 
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cnnaBBi 30Ji0Ta c cepeSpOM n >xeae3a c naaTHHon, noanepxnBaioni,He cnen,n(|)Hxy 
opyaenemia, Bbipaacaiomyiocji b CHnaceHnn coaep'/xanMii Pd othochtcjibho Pt ao 1:2 
(a HHoraa n npeBaanpOBamiH ruiaTHHBi b pyaax). 

ITomhmo coocTBemibix MHHepanbHbix (J)a3 3JieMeHTbi naaTHHOBon rpynnbi 
(3UT) b Buae npHMeceii npHcyTCTByiOT b pyaooSpaayionuix cyab(})Haax (pnc. 16). 
Oco6enno naraaano 3to bmhiio Ha xapTax pacnpeaeaeHna rjiaBHbix 3JieMeHTOB h 
3JieMeHTOB-npHMeceH, noayneHHbix c noMombio MeToaa Jia3epHOH a6aan,nn (LA- 
ICP-MS) b Laurentian University (CaaSepn, Kanana, aHanHTHK J. A. Petrus) ana 
rnaBHbix pyaooopaayiomux cyabijiHaoB BKpanjieHHbix pya CeBepHoro MaenoBCKoro 
MecTOpoacaemia (SoraTbix 3Iir). 

npeaea oSHapyaceHna ana royneHHbix 3aeMeHTOB xoaeSaeTca ot 10 ao 300 ppb 
(eOOTBeTCTBeHHO J\JIK Au H Ru) HHTepeCHO OTMeTHTb, HTO Bee pe^KHe nnaTHHOHflbl, 
coaep'/KanuH KOTOpbix hh3kh b pyaax (Ir, Os, Ru), a Taxace Re BxoaaT b nuppoTun, b 
to Bpeivra Kax Pd, Pt h HacTHHiio Rh KOimenTpupyiOTCH npenMymecTBenuo b 
neHTJiaHflHTe. B donee oeanbix pyaax lOaoioro MaenoBCKoro MecTopoacaeHna 3th 
pa3annna noHTH He3aMeTHbi H3-3a 6nH3Koro k npeaeny oonapy/xeniiti 
KOHu,eHTpau,HH nnaTHHOBbix MeTajuiOB b cyjib(J)Hflax. 

6.3. H30TonHbiii cocTae cepbi 

B MO^eJIBX (J)OpMHpOBaHHB HOpHJIbCKHX MeCTOpOacaeHHH 60 JIbUI 0 e 3HaneHHe 
npnaaeTca npoueccaM aceu m na a n ini BMemaionnix nopoa 6a3HTOBbiMH pacnaaBaMH, 
b KanecTBe raaBHoro aoxa3aTenbCTBa KOTOpbix npnBoanTca Taacenbin H30TonHbin 
cocTaB cepbi HOpHJIbCKHX cyjibcjiHflOB, nojiyneHHbiii npeanoao >k u tc abno 3a chct 
ynacTna b pyaooopaaoBanuH anruapuTOB BMemaiomnii nopoa in situ (Li et al., 
2009; Ripley et al., 2010). OaHaxo noayneHHbie HaMH aaHHbie npOTHBOpenaT 3TOMy 
noaoaceHHio. Tax, pyabi MacaoBCxoro MecTopoacaeHna xapaKTepniyiOTca 
3HaneHnaMH S 34 S = 6-1 l%o, b to BpeMa Kax ana BMein,aioin,Hx nx 6a3aabTOB 
HaaeacanHCxon cbhtbi TunuHiibi aianennfl 8 34 S < +5 %o (Ripley et al., 2003). 
CaeaoBaTeabHO, nocaeaHne He Moran cayacnTb hctohhhxom Taaceaoii cepbi b 
cyabc})Haax. 

npopecc accHMHaan,nn Mamon BMeni,aioin,nx nopoa aonaceH, b nepByio 
onepeab, OTpaacaTbca Ha H3MeHeHHH x mmhhccko ro n MHHepaabHoro cocTaBa 
HHTpy3HBHbIX nOpOa, OCOOeilHO B npHXOHTaXTOBbIX 30HaX MaCCHBOB. 3to 
OTMenaeTca peaxo n b orpanuHeinibix Macnnaoax. HanSoaee noxa3aTeabHbiM 
aBaaeTca noBeaeHne peaxnx saeMeHTOB. ,Z],aa aeMOHCTpan,nn nx pacnpeaenemia b 
npnxoHTaxTOBbix 30Hax 6bia Bbiopan caynan 6an30CTH cocTaBOB HHTpy3HBHbix n 
BMemaioninx nopoa no raaBHbiM xoMnoHeHTaM - ra66po-aoaepHTOB n 6a3aabTOB, 
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HO npHHIIHmiaJIBHO OTHMHaiOmMXCH no COaep'/KailHHM peaKHX OJieMeHTOB: KOHTaKT 
HH5KHeHa^e5KflHHCKHX JiaB (o6oraiH,eHHBIX JierKHMH P33, pnc.6) c lOacHO- 
MaCJIOBCKHM HHTpy3HBOM HOpHJIBCKOrO KOMnJieKCa (c HOpMaJIBHBIMH HX 
coaepacaHnaMH, pnc.ll). BectMa xapaxTepHBiM aBaaeTca La/Sm OTHOineHne, 
KOTOpoe noBtmiaeTca b 30He 3HaoxoHTaxTa moih,hoctbk) a o 1 m. npopecc 
KOHTaMHHapnH (jMxcnpyeTca Taxace h no pacnpeaeaenmo Mean, kotopoh 
cymecTBeHHO obeaHeHBi paccMaTpHBaeMBie aaBBi. 

Bo-BTOpBix, npn acc hmh a h n h h cpeaneB3BcnjemibiH cocTaB HHTpy3HBa aoaaceH 
3aBnceTB ot cocTaBa BMein,aioin,Hx nopoa - KapoonaTiibix, TeppnreHHBix hjih 
ByjncaHoreHHBix. Oanaxo Taxon 3aBncnMOCTn He naSaioaaeTca, cocTaBBi 
HHTpy3HBOB oneHB 6an3xn Meacay co6oh, ocoSemio no coaepacamniM peaKHX 
aaeMeHTOB. KoHn,eHTpan,nn raaBHBix KOMnoneiiTOB b aamioivi caynae HBaaiOTca 
MeHee noKa3aTeaBHBiMn, nocxoaBxy cooTHomeHne OTaeaBHBix roprooHTOB b pa3HBix 
MaccHBax cymecTBeHHO BapBHpyeT. 

Ein,e oaHHM apryMeHTOM npOTHB cymecTBeHHOH poan accHMnaan,nn b 
pyaoo6pa30BaHnn (Li et al., 2009; Naldrett, 2009; Ripley et al., 2010) aBaaeTca 
HeeooTBeTCTBne H30TonHoro cocTaBa cepBi n CTpOHn,na b HHTpy3HBHBix nopoaax. 
Tax, aaa cymecTBenno xoHTaMHHnpOBaHHoro ElnacHe-TanaHaxcxoro MaccnBa 
ycTaHOBaeHBi noBBimeHHBie 3iiaHeiiHH paanoreHHoro CTpOHn,na, xoppeanpyiomneca 
c o6oran;eHHOCTBK) nopoa aerxnMn aaeivieHTaMH, a hmchho hx oSorameHHOCTBio 
anTO(J)naBHBiMn aaeMeHTaMH. OaHaxo H30TonHBin cocTaB cepBi 3axaioneHHBix b hhx 
cyabc})HaoB 6an30x x MaHTHHHOMy. HanpOTHB, ana TaaaHaxcxoro HHTpy3HBa, 
o6pa30BaHne cnaoniHBix pya xoTOporo CBa3BiBaeTca c accnMnnapneH SonBinoro 
ooxeivia aHrnapHTOBoro MaTepnaaa, TnnnnHBi HH3xne 3HaneHna OTHomeHnn 

O'y o/ 

H30TonoB CTpOHn,na ( Sr/ Sr - 0.705-0.706) n Heo6orain,eHHBie cnexTpBi 
pacnpeaeaeHna peaxnx 3neMeHTOB, ho TaaceaBiii H30TonHBin cocTaB cepBi - 8 34 S (ao 
+15 %o). 

HaMn BnepBBie noayneHBi coaepacanna paanoreHHBix H30TonoB b aHrnapnTax 
H3 aeBOHCxnx nopoa (KpHBoaypxaa, 2011), yaaaeHHBix ot noaeii npoaBaemia 
MarMaTH3Ma. HanSoaee BaacHBiM aBnaeTcn ycTaHOBaemie H30TonHBix cooTHomeHnii 
87 Sr/ 86 Sr = 0.708637- 0.708949 - mince, neM b HaaencanHCxnx 6a3aaBTax (ao 
0.709171; Wooden et al., 1993) n nopoaax HnacHe-TaaHaxcxoro HHTpy3HBa (ao 0. 
709946, Hawkesworth et al.,1995; Bee aaHHBie npnBeaeHBi b nepecneTe Ha B03pacT 
251 mhh. aeT). /)aa royneHHBix o6pa3n,OB aHrnapHTOB xapaxTepHO Taxnce 
aHOMaaBHoe oooramemie paanoreHHBiM cbhhu,om ( 206 Pb/ 204 Pb ao 24.53), hto 
aoaacHO 6Biao 6bi cxa3aTBca Ha H30TonHOM cocTaBe b pa3annHon CTeneHn 
XOHTaMHHHpOBBHHBIX Ma f M BTH H6CK H X nOpOa, OaHaXO 3TOTO He npOHCXOaHT. TaXHM 
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o6pa30M, aurnapHT He MO>KeT paceMaTp m bbt bca b KanecTBe KOHTaMHHaHTa, KaK 3to 
npeanoaaraeTca. AccHMHaaiiHa BMemaiomHx nopoa b KaMepax KpHCTajuiH3au,HH 
HHTpy3HBOB jih6o OTcyTCTBOBajia, jih6o HMeaa KpaiiHe orpaHHaemioe 
pacnpocTpaHeHHe h Ha o6pa30BaHHe pya He Banana. 

3AKJIK3HEHHE. HHTEPIIPETAIJHfl nOJIYHEHHBIX PE3YJIBTATOB 

B HaHajiBHtiH nepHoa H3yneHHa (KoTyjiBCKHH, 1948; roaneBCKHH, 1959; 

^KHKHKOB H ap-, 1988) HHTpy3HBBI HOpHJIBCKOrO KOMnJieKCa paCCMaTpHBaJIHCB KaK 
npoayKTBi caMOCToaTeaBHoro MarMaTHHecKoro HMnyjiBca. Flocneayiomee 
npeanononcemie o KOMnneMeHTapHOCTH HHTpy3HBOB c HaaencaHHCKoii cbhtoh, 
ocHOBaHHoe Ha ee o6eaHeHHOCTH pbcthbimh h 6naropoaHbiMH MeTannaMH (Naldrett, 
1992), OKa3ajiocB MajiopeajiBHBiM, nocKOJitKy 6bina noKa3aHa hcbo3mo>khoctb 
HaKonjieHHa cyjitcjDHaoB b HeaocbimeHHOM cepoil HaaencaHHCKOM pacnnaBe 
(JlHxaneB, 1997). IIo3TOMy 6bino npeanonceHO aByxcTyneHHaToe omonceHne 
cyab(J)HaoB: CHanana H3 HaaencaHHCKHx pacnnaBOB, a 3aTeM hx TpaHcnopTHpOBKa 
HacBimeHHOH cepoil MOpOHroBCKOH MarMoil b KaMepy KpHCTaaaH3au,HH h ocancaemie 
b BHae pyaHbix 3anenceil (Li et al., 2009). 

IloayHeHHBie HaMH MHHepanoro-reoxHMHnecKHe aaHHbie o cocTaBax nopoa h hx 
B3aHMOOTHomeHHax c aaBaMH no3BoaHaH noaTBepaHTB nepBOHananbHbie 
npeaCTaBaeHHa O (|)OpMHpOBaHHH pyaOHOCHBIX HHTpy3HBOB H3 CaMOCTOaTea bllBIX 
MarM BTOporo 3Tana, KOTOpbie HMean exopee nn>KneKopoByio, hcm MaHTHHHyio 
npHpoay. 06 3TOM CBHaeTeabCTByeT pan c})aKTOB. Bo-nepBbix, HH3Kaa 
MarHe3HaabHOCTb ocHOBHoro o6beMa 6a3aabTOB h HHTpy3HBOB (Mg# = 
MgO/(MgO+FeO) xlOO = 37-38) no cpaBHemno c MaHTHHHbiMH nopoaaMH (rae 
3tot noKa3aTeab > 50). Bo-BTOpbix, Bbicoxo-Mg nopoati npOBHHu,HH (Mg# 55 -63 - 
nHKpHTbi tk h nd cbht h nHKpHTOBbie ra66po-aoaepHTbi) npn ycaoBHH hx 
o6pa30BaHHa H3 nepnaoTHTOBoro MCTOHiiMKa aoaacHbi coaepacaTb 
BbicoKOMarHe3HaabHbiH ohhbhh (>Fo 90 - Rudnick, Gao, 2003), ho ero cocTaB 

peaabHO He npeBbimaeT Fo 83 (CodoaeB h ap., 2009). B-TpeTbnx, KOHu,eHTpau,HH 
Bcex peaKHx aneMeHTOB b nopoaax HOpnabCKoro KOMnaeKca (pnc.17) noaHOCTbK) 
coBnaaaiOT c TaKOBbiMH ana nopoa HHncHeil Kopbi, KaK h hx H30TonHbie 
xapaKTepHCTHKH ( 87 Sr/ 86 Sr = 0,705-0,706 h eNd = 0± 1). 

OdbiHHO 3th oeo6eHHOCTH nopoa odbacHaiOTca KOHTaMHHau,neH (Ha 30%) 
KOpOBbiM Ben;ecTBOM MaHTHHHbix MarM (Wooden et al., 1993; Arndt et al., 2003) h 
OTcaaKOH H3 Hero oaHBHHa. OaHaKO Bbirne 6biao npoaeMOHCTpHpOBaHO, hto 
npopeccbi accHMHaau,HH npaKTHnecKH OTcyrcTBOBaan Ha ypOBHe KaMep, a 
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flOKa3aTenbCTBa MacwTaOnocTH hx npoaBnenna b hhjkhhx nacrax xopBi b 
jiHTepaType OTcyTCTByiOT. 



Phc. 17 . CneKTpBi pacnpeaenemia peaKHx aneivieHTOB ana pyaoHOCHbix MaccHBOB 
HOpHJibCKoro KOMnneKca (aaHHbie aBTOpa) h iim/Kiicm xopbi 

IljiaBJieHHe HHncHeii xopbi 6onee jiothhho, neM npopecc accHMHJiapHH KOpOBbiM 
MaTepnanoM MaHTHHHbix MarM, oObacnaeT cneayiomne reojiorHHecxHe (J)axTbi: 1) 
noaBJiemie oaHOpoaHbix noTOKOB naB Ha orpOMHbix TeppHTOpnax (ao 50 000 km“), 
2) OTcyTCTBHe cyjib(|)HaoB b 6a3anbTax Bcex cbht; 3) H36HpaTejibHyio pyaoHOCHOCTb 
onpeaejieHHbix 30H 3eMHoii xopbi. 

Bo3HHKHOBeHHe yHHKanbHbix MecTOpoacaeHHH b 3tom cjiyaae MO>Kno 
HHTepnpeTHpOBaTb xax rniaBJieHHe ynce o6oram,eHHoro cynb({)HaaMH cyScTpaTa, 
HaKonjieHHe MeTamiOB b kotopom cxopee Bcero npoHCxoamio b Hecxojibxo CTaanii, 
BKJnoaaiomHx xax nepBHmioe hx o6pa30BaHHe, Tax h B03MoacHoe 
xoHpeHTpHpOBaHHe noa aeiiCTBHeM MeTaMOp(j)HHecxHx npopeccoB b aJinTejibHO 
pa3BHBaiOH],Hxca pH(j)TOBbix CTpyxTypax, hto OTMewanocb mhothmh 
HC cneaoBaTejiaMH (^khxhxob, 2002; TopOyHOB h ap-, 2011; ^oaHH h ap-, 2011). 

Baaaiyio ponb b HaxonjiCHHH 3Iir b pyaax Morna hmctb anHTenbnocTb nyrn 
cyjib(|)HaoB ot HCTOHHHxa ao xaMepbi xpHCTajuiH3au,HH (6onee 40 xm), bo BpeMa 
xoTOporo 6onee 3(f)(|)exTHBHO aencTBOBan MexaHH3M hx o6oraiu,eHHa 
nnaTHHonaaMH, npeanoaceHHbiH A. HanaperroM (1992), aeM npn hx o6pa30BaHHH h 
nepeMCLHeiiMM tojibxo b ycnoBHax maT(f)opMemioro Hexna. BnonHe BepoaTHO, hto 
HM eHHO 3 thm (j)aKTopoM oSbacHaeTca Bbicoxaa maTHnonocnocTb HOpHJibcxnx pya 
OTHOCHTenbHO pya apyrnx Cu-Ni MecTopoacaeiiHH MHpa, accou,HHpyioiu,Hx c PR 
MaccHBaMH (J)yHaaMeHTa njiaT(j)opM. Bo3MoacHOCTb TpaHcnopTHpOBXH Sojibhihx 
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ooteMOB (ao 10%) cyjiB(|)HflHoro pacnnaBa b Buae Meaxnx xaneab pacnaaBaMH 6biaa 
npo^eMOHCTpHpOBaHa 3xcnepHMeHTanbHO (JlnxaneB, 1987). 

OTcyrcTBHe B3aHMOCBa3H reoxHMHaecKHx xapaKTepHCTHK pacnaaBOB c 
opyaenenneivi mo'/KCt oobacwiTbca npeHMymecTBeHHO TpaHcnopTnpyiomeH poario 
MarM. Taaceabiii rooTonHbiii cocTaB cepbi, KOTOpbiH name Bcero npHBoanTca b 
KaaecTBe aoxa3aTejibCTBa xopOBoii xoHTaMHHan,HH MarM (oObihho aeBOHCXHM 
aHra^pHTOM), 6bia Timimen ein,e aaa pya PR m e cto p o >xa e ii m m Ch6hph (ao +20 %o; 
KpaaceB, 2008). 

TaKHM o6pa30M, nopoati inr/xneil xopbi BnoaHe Bepoanibi b xanecTBe 
HCTOHHHKa poaonaHaabiibix MarM. OcTaeTca OTKpbiTbiM Bonpoc o bo3mo>xhocth hx 
naaBaeHHa. Mo>kho npeanoaoacHTb aea BapnaHTa: 1) noa aencTBneM naiOMa, 2) b 
pe3yabTaTe noxa He royneHHbix npopeccoB, nocxoabicy b nocaeaHHe roati c 
noMombio coBpeMeHHbix reocj)H3HHecKHx MeToaoB noa KOHTHHeHTaMH oSHapyaceHO 
TOHKOcaoHCToe crpoeHHe rpaHHpbi Moxo, Hepeaxo o6bacmnom,eeai cmchoh 
peoaornnecxHx cbohctb nopoa b 3aBHCHMOCTH ot hx (jHnonaoHacbimeHHOCTH 
(JIoOxobcxhh, 2004; IlaBaeHxoBa, 2006) h nonH>xeniibiMH TeMnepaTypaMH 
naaBaeiiHH. OaHaxo pa3pa6oTxa MexaHH3Ma naaBaenna TpeoyeT criemiaabiibix 
HecaeaoBaHHH, BLixoaanmx 3a paMXH aannon paOoTbi. 

B 3axaK)neHHe pa3BHTne TeppHTOpHH h o6pa30BaHHe MecTopo/xaeniiM b 
HopnabcxoM paiiOHe npeacTaBaaeTca cjieayiomHM o6pa30M: 1. Bo3HHXHOBeHHe 
upoTa’/xemibix no aaTepaan (cothh kh a o m e t po b ) ropH30HTaabHbix onaroB 
6a3aabTOBoro MamaTH3Ma b nir/Knen nacm xoHTHHeHTaabHOH xopbi. 2. 
06pa30BaHHe xpynHbix crpyxTyp pacTaaceHHa - CHanaaa xo hu, eHTpnpo b aHHbix b 
BHae naaeopHijiTOB, a 3aTeM pacceaHHbix, pa3BHTbix Ha Been naaT(J)opMe; BHeapemie 
no hhm orpOMHbix oobeMOB MarM, BbinocauHix cyabcJiHabi H3 cyScTpaTa iur/xnen 
xopbi pH(j)TOBbIX CTpyXTyp X nOBepXHOCTH. 
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